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Since the demonstration that channelrho-
dopsins can be used to optically induce neu-
ronal spiking, much effort has gone toward
optimizing tools for all-optical electrophys-
iology. To achieve this goal, actuators and
reporters of neuronal activity must act
quickly enough to elicit and report individ-
ual spikes in trains and be sensitive enough
to permit activation and recording with lim-
ited phototoxicity. Furthermore, there must
be minimal spectral overlap between the ac-
tuator and reporter, so they can be com-
bined in the same tissue without crosstalk.
These criteria were previously met through
mutagenesis of archaerhodopsins and
channelrhodopsins, which produced the
voltage indicator QuasAr2 and actuator
CheRiff, respectively. When a vector (called
Optopatch2) containing both constructs
was transfected into cultured neurons, re-
searchers could stimulate spikes in single
cells and detect EPSPs in adjacent cells
(Hochbaum et al. 2014 Nat Methods,
11:825).

Lou et al. have now created transgenic
mice in which the Optopatch2 construct
is flanked by LoxP sites, allowing Cre-
dependent expression in specific popula-
tions of CNS and PNS neurons. Floxopatch
expression had no apparent effect on mouse
survival or neuronal resting electrophysiol-
ogy. In dissociated cultures of PNS neurons,
voltage responses measured optically
were similar to those measured electrically.
Moreover, individual spikes could be de-
tected, and the overall spike width and
afterhyperpolarization shape could be de-
termined. Importantly, transgenic expres-
sion produced more uniform construct
expression than electroporation, and thus
the effects of optical stimulation was less
variable across neurons obtained from
transgenic animals.

Most notably, optically induced spiking
could be recorded in vivo, by positioning the
nodose ganglion between two coverslips.
Although the signal-to-noise ratio for
QuasAr2 was insufficient to detect spiking
in the CNS in vivo, action potentials could
be detected optically in acute brain slices.
Resolving action potentials evoked optically
in dentate granule cells required image seg-
mentation procedures, because multiple
overlapping cells were usually present in a
field. Nonetheless, individual spikes could
be detected, and subpopulations of neurons
could be defined based on different firing
properties.

These results demonstrate that in vivo
all-optical electrophysiology is now possible
in peripheral ganglia. The authors suggest
that by inserting the transgene in a different
location, the signal-to-noise ratio of the
voltage indicator might be increased suffi-
ciently to allow use in the CNS.
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People easily recognize their own limbs
when they see them. Nonetheless, most peo-
ple can be made to feel that a rubber hand is
their own under certain conditions. Specifi-
cally, if a person’s own hand is hidden and a
rubber hand is placed in their visual field,

when an experimenter strokes the rubber
and real hands simultaneously, the subject
soon begins to perceive the rubber hand as
theirs. Not only do they report a feeling of
ownership of the hand, but their perception
of their real hand’s positions shifts towards
that of the rubber hand. Moreover, they
show anxiety responses when the rubber
hand is threatened. Importantly, this illu-
sion only develops if stroking of the real and
artificial hands is synchronous: asynchro-
nous stroking disrupts the illusion. The illu-
sion is thought to depend on activity of
neurons in the premotor and posterior pa-
rietal cortex that respond to both visual and
tactile information (Ramakonar et al. 2011
J Clin Neurosci 18:1596).

Although some evidence suggests that
the rubber hand illusion can be generated in
monkeys, whether non-primates can expe-
rience this illusion has been unclear. Wada
et al. now provide evidence that a rubber tail
illusion can be induced in mice. The proce-
dure shared many features of the rubber
hand illusion: an artificial tail was presented
in an anatomically plausible position while
the animal’s own tail was hidden. After the
artificial and real tails were stroked synchro-
nously or asynchronously, the experimenter
firmly grasped the rubber tail. Mice were
more likely to respond with a head move-
ment in the synchronous stroking condition
than after asynchronous stroking. Further-
more, when two rubber tails were in view
and only one of them was stroked synchro-
nously with the real tail, mice were more
likely to respond when the stroked tail was
grasped than when the unstroked tail was
grasped.

These results suggest that synchron-
ous stroking of a visible rubber tail and a
mouse’s real tail causes the mouse to re-
spond to the rubber tail as if it were its own.
This suggests that mice experience body
ownership, a basic form of self-awareness.
The development of this procedure opens
the door for exciting research on the neural
mechanisms underlying body ownership.
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Optical stimulation (bottom trace) produced voltage re-
sponses (top 5 traces) measured optically in 5 cultured PNS
neurons from a Floxopatch mouse. See Lou et al. for details.
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