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Figure S3. Holographically targeting multiple neurons with light patches. A. Illustration of
workflow for holographically targeting light patches to multiple neurons. Scale bar, 30 pum. B.
Example trial-by-trial calcium response to photostimulation for one neuron (4 targeted cells, 50
ms photostimulation, 16 trials, 0.1 mW/um?).

18



bioRxiv preprint first posted online Oct. 30, 2018; doi: http://dx.doi.org/10.1101/456764. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

A D
_ 15 mw
£1.2
% —&— 30 mw
§ —F— 45 mw
‘%0.8-
o
<
=
@ %0.4
8 >
= i
o
™~ 00 " 1 i
- . 0 5 10 15
10 ms Lateral distance (um)
E
300 )
15 mw 1t
—e— 30 mw 2
gzoo —o— 45 mw §0.8
- 173
g 206
= -3
5 3
< 100 S04
@
T E
g W\ ‘ 202y
) \Weas v o
-100 0 100 -100 -40 0 40 100
Time (ms) Axial distance (um)
B s; F
1 1 0 Bnn el 1
6} 111
m . ™ 1L i ol 1
£ 5 i (NI 1
= ;= IR
g ¢ «° o aa g T
2 —6—5ms P an 0ok
= h
2l —©—10ms 1ms
20 ms
L . .6
15 30 45 S|
Power per cell (mw) E
c 8 Il I I I IS S S S ..
5 ms
6
m
L
]
E
]
2
0 . . .
15 30 45

Power per cell (mw)

Figure S4. Electrophysiological characterization of photostimulation. A. Example raster plots (top) and
correspondent PSTHs (bottom) for different stimulation powers, (red shading, photostimulation on; n=1
cell, 20 trials per condition). B-C. The latency (B) and jitter (C) of evoked spikes as a function of power
per cell for different stimulation durations. The latency is defined as the time from photostimulation onset
to the first spike within a 20 ms window, and jitter is defined as the latency’s standard deviation (n=5 cells).
D-E. The efficiency of off-target photostimulation when moving the light patch away from the cell’s soma
laterally (D, mean + s.e.m., n=4 cells) and along the z-axis (E, mean + s.e.m., n=9 cells, 0.1 mW/um?). F.
Raster plot of 1 ms photostimulation (45 mW, 0.14 mW/um?, n=1 cell). G. 100 Hz photostimulation train
(5 ms on/ 5 ms off duty cycle, blue lines; 45 mW, 0.14 mW/um?, n=1 cell).
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Figure S5. Photostimulation detection training. A. Performance for 1-photon photostimulation detection
training for individual mice. 1-photon photostimulation energy was decreased from session to session.
Power and duration of 1-photon stimulation is schematized at the bottom of the graph. B. Performance for
2P photostimulation detection of the same 30 cells across sessions (mean + 95% confidence intervals, n=3
mice, 0.06 mW/um?). All mice reached a performance >75% correct within 7 sessions.
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Figure S6. Stability of neuronal targeting and responses across sessions. A. Example fields of view and
targeted neurons (white circles) imaged early in training (upper) or late in training (lower) for three mice.
ChrimsonR-tdTomato expression is shown in red, GCaMP6s expression in green. Scalebar = 30 um. B.
Mean response to photostimulation was highly correlated across sessions (30 trials per session, 10 ms
stimulation duration, n=3 mice, 0.06 mW/um?). Data points represent AF/F values averaged over 330 ms
following stimulation. Dashed line is the unity line and the solid line is the linear fit (slope = 0.85).
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Figure S7. Pulse duration characterization. A. Normalized excited 2P fluorescence in fluorescein as a
function of pulse width (mean AF/F + s.e.m.). B. Average number of spikes evoked by long-pulse sham
photostimulation. There was no significant change in the number of evoked spikes compared to baseline
(n = 4 cells, Wilcoxon rank sum test, P=0.99, error bars = + s.e.m.). The average number of spikes evoked
by short pulse photostimulation are shown for comparison (dotted line).
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