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Supplementary Figure 1. Details of Autopatcher setup (a) Diagram depicting configurations
of the three pneumatic valve banks during the stages of autopatcher operation, depicted in Fig.
1a and Supplementary Fig. 3. “x” represents closed valve; line depicts connectivity of volumes
at the same pressure. Left, during regional pipette localization, positive pressure (800-1,000
mBar) is connected to the pipette. (This is the configuration realized when the valves are not
powered.) Center, during neuron hunting, low positive pressure (25-30 mBar) is connected to
the pipette. Right, during gigaseal formation, suction pressure (–15 to –20 mBar; dotted line) or
atmospheric pressure (solid line) is applied. During break-in, suction pressure is also applied.
(b) Photograph of the Autopatcher setup, focusing on three axis linear actuator (here, with an
additional programmable linear motor appended, for ease of debugging) and the holder for headfixing the mouse.
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Supplementary Figure 2. Raw current traces recorded during “neuron hunting” stage.
Shown are patch pipette currents obtained when a square voltage wave (10 Hz, 10 mV during
“neuron hunting” stage) is applied to the pipette in voltage clamp mode. The left traces in a-d
are current traces measured 10 µm before the pipette was stopped at the end of “neuron hunting”
to attempt “gigasealing”. The right traces in a-d are current traces measured at the point the
pipette was stopped at the end of neuron hunting. Trials a-c culminated in successful whole cell
patch clamp recording, while d did not result in successful gigaseal, and subsequently was
unsuccessful in establishing whole cell as well. Comparing the successful trials, while the left
traces in a and b show no heart beat modulation at distance from the neuron, the left trace in c
shows heartbeat modulation of the current traces even 10 µm away from point of stoppage. The
right traces in a-c all show prominent heartbeat modulation at the point of stoppage; this is not
seen in the right trace in d.
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Supplementary Figure 3. The full algorithm for automated in vivo patch clamping.
Detailed flowchart, showing all steps for the automated in vivo patch process, including
strategies for stage execution, and quantitative milestones governing process flow and decision
making. Dotted lines frame each of the stages of the algorithm; within the dotted line frames,
symbols representing tasks, measurements, and choice points are indicated, along with text
explicating the individual steps and consequences of decisions (see “KEY” for definition of
symbols). Abbreviations: ACSF, artificial cerebrospinal fluid; R(Z), pipette resistance at depth Z
in the brain, in microns (with the z-axis pointing downward, e.g. larger values of Z indicate
deeper targets); Zu, upper depth limit of the region targeted by the regional pipette localization
stage; Zl, lower depth limit of the region targeted by the regional pipette localization stage;
R(ZNeuron), pipette resistance at the depth at which the neuron is being recorded (which will
vary over time, as the later stages of the process, gigasealing and breaking-in, occur); Rt, pipette
resistance threshold for neuron detection. See Supplementary Fig. 1 for the valve states at
specific stages of the algorithm.
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Supplementary Figure 4. Neurons filled with biocytin, and visualized with Alexa 594streptavidin, after recording by the autopatching robot. Each panel shows a neuron recorded
at 500-800 µm depth below the brain surface, 0-2 mm left or right of midline, 0-2 mm anterior of
bregma. Scale bars, 50 µm.
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Supplementary Figure 5. Cell characteristics after completion of autopatching or manual
patching using the algorithm of Supplementary Fig. 3. Histograms summarizing the whole
cell patch clamp properties of the neurons described in Figure 2 for which recordings were
either automatically established in (a) whole cell state (n = 23 cells), or (b) gigaseal state
followed by manual break-in to verify cell properties (n = 24 cells), or (c) fully manual whole
cell patch clamping (n = 15 cells), measured in voltage clamp at –65 mV, including i, gigaseal
resistance after gigaseal formation, ii, access resistance after break-in (~5 minutes after break-in),
iii, cell membrane capacitance, and iv, cell input resistance.
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Supplementary Figure 6. The algorithm of Supplementary Fig. 3, modified to use suction
pulses instead of “zap” (see differences in the “Break-In” phase of this figure, compared to
that of Supplementary Figure 3), to break in. The algorithm for automated in vivo patch
clamping when using “suction pulses” for the break-in stage, rather than “zap,” to establish the
whole cell state. All symbols, shadings, headers, etc. are as in Supplementary Fig. 3.

Nature Methods: doi:10.1038/nmeth.1993

Supplementary Figure 7. Quality of recordings obtained using the autopatcher using the
‘suction pulses’ method for break-in and achieving the whole cell state, as described in
Supplementary Fig. 6. (a) Plot of the access resistances obtained versus pipette depth for set of
neurons for which whole cell state was established using the algorithm of Supplementary Fig.
6, in which the “zap” is replaced by suction pulses. n = 25 cortical neurons were successfully
broken in to, out of 30 successful gigaseals, out of 61 total attempts starting with regional pipette
localization (anteroposterior, 0 mm relative to bregma; mediolateral, 0-1 mm left or right of the
midline; neuron hunting begins at 400 µm depth). Thus the break-in rate was 83% of the
gigasealed neurons (not different from the break-in rate for zap-mediated break in, Fig. 1a; chisquare = 0.001, P = 0.8023), and total yield from start of the algorithm was 41%. (b) Plot of the
resting potentials obtained versus pipette depth, for the neurons described in a. (c) Plot of the
holding currents obtained versus pipette depth for the neurons described in a. The recordings
lasted at least 15 minutes, but we terminated the recordings early in order to focus more on the
understanding of whether suction pulses would work in the autopatcher algorithm. (d) Bar graph
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of average success rates obtained in each hour of recording after surgery (n = 3 experimental
sessions; plotted is mean + standard deviation). (e) Histograms summarizing the whole cell
properties of the automatically whole-cell patched neurons broken in using suction pulses
method, showing good quality recordings equivalent to those obtained by zap method of breakin, measured in voltage clamp at –65 mV, including i, gigaseal resistance after gigaseal
formation, ii, access resistance after break-in (~5 minutes after break-in), iii, cell membrane
capacitance, and iv, cell input resistance.

Nature Methods: doi:10.1038/nmeth.1993

%age yield,
whole cell patch
%age yield,
gigaseal cellattached
Duration of stage
(mean + s.d.)

Regional Pipette
Localization
81%

Neuron Hunting

Break-In

93%

Gigaseal
Formation
51%

80%

93%

41%

N.A

10 s

2.2 ± 1.7 min

2.6 ± 1.0 min

1-10 s

82%

Supplementary Table. 1: Yields and durations of each of the four stages, when executed by the
robot of Fig. 1b, running the autopatching algorithm in the living mouse brain, aiming for targets
in cortex and hippocampus (fully automated successful attempts defined as < 500 pA of current
when held at –65 mV, for at least 5 minutes; n = 24 out of 73 attempts, successful gigaseal cellattached patch clamp recording defined as a stable seal of > 1 GΩ resistance; n = 27 out of 75
attempts).

Supplementary Note 1. Derivation of the autopatcher algorithm: principles of whole cell
patch clamp in vivo
We derived the autopatcher algorithm (Supplementary Fig. 3) by analyzing and optimizing
successively each of the four stages of robot operation (Fig. 1a). Importantly, the algorithm
derivation described below was performed completely in the cortex, but the testing of the
algorithm was performed on both cortical neurons as well as hippocampal neurons. This
generalization of the algorithm from cortex to hippocampus implies that the algorithm possesses
a certain degree of generalization power, i.e., we did not unconsciously optimize the algorithm
just for one brain region. Nevertheless, it is likely that specialized neurons in novel brain regions
may require tuning of select algorithm parameters, and the ability to perform this optimization
using the robot would accelerate this process of customization, allowing for rapid iteration
beginning from the parameters derived here. We also tested the autopatcher on brain slices,
where it was capable of obtaining good recordings.
At the beginning of the algorithm (gray flowchart shapes in the “setup” stage at top of
Supplementary Fig. 3), a pipette is placed in the holder and provided strong positive pressure,
and the robot then (stage 1, “regional pipette localization”) lowers the pipette at a speed of 200
µm/s1-5 to the appropriate depth for neuron hunting. We found, as have others before us, that
using reasonably strong positive pressure (800-1,000 mBar)9, 11,6 greatly improved the yield of
subsequent stages. For experiments where we performed biocytin staining, we explored using
500-600 mBar of pressure in this stage, to reduce the amount of biocytin ejected during “regional
pipette localization,” and thus potentially the background staining of biocytin on non-patched
neurons; this did not seem to have much effect, but such detailed modulations of pipette positive
pressure over time may be worth exploring further in future algorithms. Another key finding
was that after this first localization stage was complete, many pipettes had slightly increased
their resistances over their original values. Pipettes that acquired greater increases in resistance
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in this first stage had, in later stages of robot operation, more variability in their pipette resistance
measurements than pipettes with smaller increases. For example, the variance between
successive measurements of pipette resistance across multiple steps taken during the “neuron
hunting” stage was 87 ± 60 kΩ for pipettes that experienced zero increase in resistance acquired
during the first localization stage, but was 218 ± 137 kΩ for pipettes that experienced 500
kΩ increases, significantly more variability (mean ± s.d. ; p < 0.05, t-test, n = 7 trials each). By
screening out pipettes that underwent large increases in pipette resistance during the first
localization stage, the variability of pipette resistance measures in successive stages of robot
operation can be reduced, improving the accuracy of the subsequent stages. We found that by
excluding pipettes that increased resistance by more than 300 kΩ in the first localization stage
(which would result in a 136 ± 83 kΩ measurement-to-measurement variance in the neuron
hunting stage; n = 123 trials), ~17% of the pipettes would be discarded (n = 25 out of 148 total
attempts in the main robot validation test set; Fig. 1a), but because of the low variability of later
pipette resistance measurements, it became possible to detect neurons very precisely, as indicated
by well-defined increases in pipette resistance, during the neuron hunting stage (stage 2).
In published neuron hunting protocols, a visually identified increase of 20-50% in pipette
resistance was considered to be indicative of the presence of a viable neuron, appropriate for
attempting gigaseal and break-in stages1, 2, 4. One advantage of a robotic system is that it can
analyze sequences of pipette resistance values acquired over a series of successive motor steps,
thus enabling precise signatures of neuron presence that algorithmically replicate the intuitive
comparisons being performed by trained human investigators. We systematically explored this
parameter space, varying the number of consecutive 2 µm steps over which pipette resistance
values would be considered, and also varying the numerical threshold that the pipette resistance
would have to increase over these steps in order for a neuron detection to be concluded, aiming
to maximize the success of manually establishing whole-cell patch clamping for each neuronhunting procedure. We found analysis of only 2 consecutive motor steps (i.e., pipette resistance
data over 4 µm of travel) to yield noisy data, and 4 consecutive steps (i.e., over 8 µm of travel) to
detect the neuron too late to get good recordings, perhaps because the cell was stretched. Thus,
we focused our analysis on pipette resistance sequences taken over 3 consecutive steps (6 µm).
Because the measurement-to-measurement variability on consecutive motor steps (see above)
was about 136 kΩ, we chose to investigate thresholds of pipette resistance increase between the
first and third step of 150, 200, 250, 300, 350, and 400 kΩ. We found that first-to-third step
differences of at least 200-250 kΩ yielded patchable neurons at success rates of 40-45% (n = 11
cells out of 25 were manually successfully gigasealed and broken-into). In contrast, 3-step
sequences with < 200 kΩ thresholds or > 300 kΩ thresholds had much lower success rates of
manual gigasealing and breaking-into (5-15% yields; 4 out of 27), perhaps due to errors in
neuron detection or approach (false positives for the lower thresholds; cell stretching for the
higher thresholds). Thus, we chose for the robot a 200 kΩ threshold for pipettes of 3-5 MΩ
initial resistance, and 250 kΩ for pipettes of 5-9 MΩ initial resistance. In the main robot
validation test set we found that this neuron hunting algorithm converged upon targets within the
localized region 93% of the time (114 targets detected out of 123 total trials); of these 114, 56
cells ultimately resulted in a gigaseal, or a yield of 49% - similar to the 40-45% rate obtained
during the pilot studies using manual validation, mentioned earlier in this paragraph.
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For comparison purposes, we evaluated the value of observing heartbeat modulation as an
indication of neuronal detection. According to ref. 4, “The best predictor of the pipette having
made contact with a neuronal membrane was pulsation of the reduced current pulse at heartbeat
frequency… Slow changes in current pulse amplitude that lacked the rhythmic modulation
rarely resulted in neuronal recordings… one of the trademark characteristics of the ‘strike’ of
the pipette against neuronal material is pulsation of the recorded current at heartbeat
frequencies. In our experience this is the best indicator of the patch pipette making contact with
neuronal material. While there were instances in which this pulsation was due to contact with
non-neuronal membranes, presumably glia or blood vessels, this occurred less than 5% of the
time.” In order to determine whether heartbeat modulation of pipette currents was also a good
indicator of neuronal detection in our hands, we used the autopatching robot to record n = 17
neurons, keeping attuned to the presence or absence of heartbeat modulation. All 17 neurons
patched exhibited, at the point of completion of the “neuron hunting” stage, a prominent
heartbeat modulation (see Supplementary Fig. 2a-c for examples), in full accordance with the
Margrie et al. paper. Thus, in principle, heartbeat modulation could be added as a confirmatory
check in the algorithm, although we did not find it necessary; it appears that our algorithms’
search for a monotonically increasing pipette resistance recapitulates the same essential process
that takes place in the heartbeat detection procedure.
We note that we often saw heartbeat modulation sometimes, but not always, when the patch
pipette was 10 µm away from the neuron (e.g., five 2 µm steps before the pipette halted and the
“neuron hunting” stage ended; Supplementary Figs. 2c); this occurred 6 out of the 17 times, and
may indicate that heartbeat modulation may occur even before the pipette resistance increases,
and thus when a neuron has not been quite detected. (This neuron-selectivity that our algorithm
encapsulates may explain why ~90% of the structures we patched were neuronal, with only
~10% glial, as noted in the main text. Why so few glia and non-excitable structures? It is
possible that we are actually encountering a lot of these, but we are not sealing well on to them
with our current pipette shape and search algorithm. Remember, although most of the cells we
patched indeed were neurons (see Supplementary Note 2 below) – the patch algorithm did not
form good gigaseals typically ~50% of the time – and those targets may be with connective
tissue, glia, blood vessels, etc. This is consistent with the strong neuron selectivity of papers
such as ref. 5, as mentioned above.) Notably; we also analyzed n = 26 attempts in which neuron
hunting halted on an object (perhaps a cell, or a piece of connective tissue), but which did not
yield a gigaseal (e.g., Supplementary Fig. 2d); in 24 such cases (such as the one shown in
Supplementary Fig. 2d right), there was no heartbeat modulation; in the remaining two cases,
extreme heartbeat modulation was seen (perhaps suggesting a blood vessel to be there). Thus
again, heartbeat modulation could be used to confirm our algorithm, but given the complexity in
automating heartbeat modulation analysis (heartbeat, after all, varies greatly in shape and
frequency from cell to cell, mouse to mouse, and depending on anesthesia protocol), we decided
to stick with the simpler-to-automate monotonic pipette resistance criterion for our algorithm. It
is possible, however, given our independent confirmation of the heartbeat modulation criterion,
that heartbeat modulation, given its prominent visual pattern, is still one of the best methods for
human use for neuron detection. In principle, future versions of the algorithm that take heartbeat
modulation into account, might enable failed gigaseal trials to be ended early, thus saving several
seconds per cell of time, and speeding up the robot still more.
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The gigaseal formation stage (stage 3) was adapted from the best practices of prior protocols,
aiming for a stereotyped sequence of steps amenable to automation. The motor was switched off
after neuron hunting completion, and a 10 second wait period was imposed to see if the pipette
resistance decayed back to baseline (this happened 1 time out of the 114 successful hunts; the
motor simply reactivated and the neuron-hunting stage resumed). Then the positive pressure was
released, suction pressure was applied if the gigaseal was not spontaneous, and the holding
potential was reduced slowly to -65 mV (see Supplementary Fig. 3, “gigaseal formation” for
the detailed series of steps). If a gigaseal was not apparent at the end of this procedure, the
algorithm was halted (although, these could be considered loose-cell attached patches – of
interest because of the excellent single cell isolation offered, even if subthreshold and synaptic
events are not observable as in the whole-cell case); else, the gigaseal was left until it plateaued
for at least 10-15 seconds (see Fig. 2a for example). In the main robot validation test set, of the
114 targets detected by “neuron hunting”, 56 formed gigaseals (49% yield) under the operation
of the robot.
The final stage was break-in (stage 4), and again, we aimed for a procedure that would be easily
and objectively automated. The robot applied suction for periods of 1 second, and then precisely
activated the “zap” function of the patch amplifiers (a 200 µs voltage pulse to 1 V), repeatedly
every 5 seconds until the whole-cell configuration was obtained. In this scenario, we reserved
the judgment of the whole cell state for a human observer, who could then halt the program,
because we were seeking to analyze the quality of our recordings; the stereotyped changes in the
recording due to the cell capacitance and resistance being appended to the pipette are also
quantifiable (Supplementary Fig. 5) to the extent of yielding automation of program cessation,
if desired. As a comparison, we have also included fully manually patched recording quality
data. In practice, only a few zaps were needed, to establish whole cell state, so break-in could in
principle be conducted in an open-loop fashion if desired. In the main robot validation test set,
the 56 gigasealed neurons were split into three sets: 5 underwent spontaneous break-in without
human or robot interference (thus counted as automated-whole-cell-attached trials), 24
underwent break-in using the robot, and 27 were manually broken-into in order to evaluate the
success of our automated break-in procedure. Out of the 24 automatically broken-in trials, 19
successfully attained whole-cell mode (79% success); failures (5 cells) were stringently defined
as a lack of break-in, “losing” the cell within 5 minutes of attaining whole-cell recording, or
exhibiting >500 pA of holding current (at –65 mV). Including the trials where spontaneous
break-in occurred to this dataset, we were able to get automated whole-cell-attached recordings,
that met the success criteria described above 83% of the time (n = 24/29). For the 27 other cells,
we achieved manual whole-cell break-in in 100% of the cells using standard methods, applying
brief suction pulses in rapid succession1. It is clear that the objective and systematic analysis of
how in vivo patch clamping occurs, coupled to precision measurement and well-timed robotic
control of pipette movement and pressure control, enables automation of the steps at which
humans ordinarily require extensive practice to master.
Further, we incorporated a second method of automated in vivo patching using suction pulses to
achieve the break-in step (algorithm described in Supplementary Fig. 6, data shown in
Supplementary Fig. 7). Once the gigaseal is established, the experimenter needs to manually
increase the suction pressure in the suction port (Fig. 1, Supplementary Fig. 1) to –30 to –50
mBar; alternatively, an additional valve and an additional pressure source could be utilized.
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When activated, the robot applies suction for a period of 100 ms, repeatedly, every 5 seconds,
until whole cell configuration is established. Out of the 30 trials where the ‘suction pulse’
method was employed to break-in, 25 successfully attained whole-cell mode (83.3%).
In the biocytin filling experiments, we recorded and filled 5 neurons (shown in Fig. 1f,
Supplementary Fig. 4) that we held for > 15 minutes in voltage clamp mode, using the criterion
< –500pA of current injection to hold at –65 mV throughout the length of the recording. We
wrote a second program that simply, after this period, retracts the pipette at a constant speed of 3
µm/s (see User Manual for details) to attempt to form an outside out patch, to result in a good
fill (i.e., trapping the biocytin in the cell)7.
Supplementary Note 2. The cell types patched by the autopatcher
Using the cell type criteria of references8, 9, we found that of the 47 autopatched neuronal
recordings from cortex and hippocampus analyzed in Fig. 2 and Supplementary Fig. 5a,b, 68%
(32/47) exhibited regular spiking (RS) characteristics, 4% (2/47) exhibited burst firing patterns,
13% (6/47) exhibited irregular spike characteristics, 4% (2/47) exhibited spikes followed by
smaller spikelets suggestive of back propagation of action potentials in dendritic recordings, and
2% (1/47) had accelerating spike firing characteristics. In 9% (4/47) of the neurons, steady
current injection resulted a in single action potential followed by plateaued depolarizing current,
with no further spike firing, indicating fast adapting neurons. It is likely that all cell recording
strategies have some bias in what kinds of cells they record; extracellular recording methods, for
example, might favor neurons capable of creating large extracellular fields that result in easily
sortable spikes for example (papers such as ref. 10 comment on how difficult it is to record small
neurons like cerebellar granule cells via extracellular recording). A recent in vivo patch
clamping paper, ref. 11 points out, "Most of the recorded cells were pyramidal cells and their
recovered morphologies typically included an apical dendrite …”, which would be consistent
with our apparent high yield of neurons, especially pyramidal neurons, as noted in this paragraph
and in the fills (Supplementary Fig. 4).
Supplementary Note 3. Statistics for evaluation of cell quality, for autopatched neurons
We analyzed both the cell quality (Fig. 2c-f) for both neurons automatically patched in whole
cell mode, and neurons patched in gigaseal cell-attached mode, in the main robot validation test
set (n = 47 successful neurons); the latter were then manually broken into in order to assess
critical measures of cell and recording quality. No difference in access resistances was noted
between cortex vs. hippocampus, or between auto-whole-cell patched and the auto-cell-attachedpatched plus manual break-in (two-way ANOVA; main effect of region, F1,45 =0.0038, P =
0.9534; main effect of break-in mode, F1,45=1.5107, P = 0.2056; interaction, F1, 45 = 0.7533, P =
0.3583). We performed a linear regression of pipette access resistance vs. neuron recording
depth, and saw no relationship (R2 = 0.007, P = 0.0806), suggesting that our robot performed
similarly at depth as at the surface.
Supplementary Note 4. Statistics for comparing cell quality of autopatched neurons with
fully manual patched neurons
Comparing the cell quality metrics between the n = 23 auto-whole cell patched neurons and the
15 fully manually patched neurons (Figs. 2c-f, Supplementary Fig. 5): No difference between
auto-whole-cell patched and fully manually patched neurons was noted for access resistances
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(two-way ANOVA; main effect of method of patching, F1,33 = 0.92, P = 0.5116; main effect of
region (cortex vs hippocampus), F1,33= 1.73, P = 0.4175; interaction, F1,33 = 0.14, P = 0.706,
holding current (two-way ANOVA; main effect of method of patching, F1,33 = 0.83, P = 0.5382;
main effect of region, F1,33 = 0.12, P = 0.7819; interaction, F1,33 = 0.38, P = 0.5432), or resting
membrane potential (two-way ANOVA; main effect of method of patching, F1,33 = 1.16, P =
0.4758; main effect of region, F1,33 = 0.72, P = 0.5539; interaction, F1,33 = 5.873, P = 0.0218).
Out of the 47 neurons from which we obtained stable recordings, we terminated 14 recordings
early (30-45 minutes) in order to try for more cells; for the remaining 33 cells, the recordings
lasted 56.6 + 44.2 minutes (Fig. 2F). No difference in cell holding times was noted between
auto-whole-cell patched and fully manually patched neurons (two-way ANOVA; main effect of
method of patching, F1,33 = 3.19, P = 0.3279; main effect of region, F1,33 = 0.19, P = 0.7317;
interaction, F1,33 = 1.08, P = 0.3016). Finally, no difference between auto-whole-cell patched
and fully manually patched neurons was noted for gigaseal resistance (two-way ANOVA; main
effect of method of patching, F1,33 = 1.85, P = 0.1809; main effect of region, F1,33 = 0.12, P =
0.7267; interaction, F1,33 = 6.02, P = 0.0192), cell membrane capacitance (two-way ANOVA;
main effect of method of patching, F1,33 = 0.96, P = 0.9578; main effect of region (cortex vs.
hippocampus), F1,33 = 2.91, P = 0.09628; interaction, F1,33 = 0.7, P = 0.4021), or cell input
resistance (two-way ANOVA; main effect of method of patching, F1,33 = 1.47, P = 0.2327; main
effect of region, F1,33 = 0.25, P = 0.2417; interaction, F1,33 = 0.06, P = 0.8182).
Supplementary Note 5. Thoughts on throughput of the autopatcher
Is the autopatcher a “high throughput” machine? Perhaps, but not in terms of sheer speed per
cell (currently), although certainly the autopatcher can sustain its work without getting tired or
bored, as a human might. We did a series of experiments, automatically recording in each of 3
mice, 7-8 successfully whole cell patch clamped neurons (total for the 3 mice, 22 successes), out
of 16-20 attempts (total for the 3 mice, 52 attempts; yield, 42%); surgeries would take 41 + 6
minutes beginning from anesthesia of the mouse and ending with the exposed brain ready for
recording; then, for each cell, pipette filling and installation (removing any used pipette, of
course) would take 2 ± 0.4 minutes, followed by the autopatcher establishing whole cell patch
clamp in 5 ± 2 minutes. We limited the recording time for each cell to 15 minutes, arbitrarily,
but shorter or longer times may be of course utilized, depending on the science at hand. Thus,
the amount of time required to record n neurons successfully, for a desired recording time T,
would be approximately
40 + n / .42 * 7 + n / .42 * T
minutes. (The surgeries, of course, could be done in advance to equip mice with headplates to
minimize day-of-recording time expenditure.) Thus, during an 8 hour day, ~25 neurons might be
successfully recordable in a single mouse, if the recording times were very short; this doesn’t
take into account the important consideration of cell displacement (e.g., see Supplementary Fig.
7d) that could result from an electrophysiological experiment, thus reducing yield over time.
Strategies can be devised to limit the impact of cell displacement or damage from impacting
yield, for example, patching neurons in higher regions before patching those in lower ones. The
autopatcher travels, on average, 150 ± 112 microns in the cortex during the neuron hunt phase,
before hitting the neuron (n = 22 cells); this short travel distance suggests that the pipette might
well be hitting the very first cell that it is allowed to encounter (e.g., is approaching under low
pressure). Smaller diameter pipettes, even down to 100-200 microns in diameter, are easily
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available (albeit more difficult for humans to handle), and so this might not be a fundamental
limit on scale. Or, it is possible that patching neurons in varying brain regions could result in
very high fidelity recordings, although again, the science would have to match with this goal.
Also important to note: if it takes 2 minutes to load a pipette, and 5 to obtain a cell and another
T minutes to do a recording, it would in principle be possible for a single individual to run
(5+T)/2 rigs at once; for 15 minute recording times, that would make for 10 rigs being
simultaneously controlled by one employee.
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