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Supplemental Figure. 4. During Apjg , only reward-predictive cells are slowing-correlated
above chance levels. Same analysis as main Figure 3i,j applied to cells that were slowing-correlated
during blocks of context Anijq. a. COM locations of cells with spatially-modulated fields in both Agnq
and Apniq (gray points, same data as Figure 1g). Cells are highlighted (maroon circles, 103 cells) if they
were slowing-correlated during A,,iq (see Results for definition). b. Lower bound of estimated density of
slowing-correlated cells (see Methods). Dashed lines indicate approximate boundaries of regions used to
define reward-predictive cells (purple) and place cells that were stable across conditions (blue). c. Upper:
average fluorescence activity of 142 slowing-correlated cells (6 mice, maroon trace) during Ap,;q blocks, and
all spatially-modulated cells recorded simultaneously (6,935 cells, gray trace), plotted as a function of track
position. Red line indicates A, ;q reward location. As expected, slowing-correlated cells exhibited increased
activity just prior to the reward (arrowhead). Lower: same averaging procedure applied to same cells, but
during the interleaved A,q blocks from the same sessions. Red lines indicate reward location for Agpq (solid)
and, for comparison, Apiq (dashed). Bands indicate standard error of the mean. Despite some residual
above-baseline fluorescence at the A,;q reward site (hollow arrowhead), the majority of slowing-correlated
cell activity shifted to the Ag,q reward site (solid arrowhead), consistent with few if any place cells being
slowing correlated.
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Supplemental Figure. 5. Brief rest events do not reflect anticipation of reward. a. Schematic
illustrating how changes in movement speed (black trace) are used to define walking and rest events (colored
patches). For detailed definitions, see Methods. b. Locations where pre-reward walking bouts (top) or rest
events (bottom) were initiated, plotted separately for blocks of Aeng (left) or Auiq (right). To ensure mice
were familiar with the structure of reward delivery and did not slow because they expected reward at other
locations, data was only included from session 7 or later of training on condition AepqAmiq, and walking
bouts from the first three traversals of each block were excluded. c¢. Number of licks during the first 5
seconds after the walking bout or rest event began. d. Overall duration in which mice were stopped (i.e.
speed was slower than 1 cm/sec).
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Supplemental Figure. 6. Mice bouts were clustered near the current and non-current reward
locations. The first three traversals of each block were excluded, and for condition A¢,qAmiq data are
only shown for session 7 or later. a. Starting locations for all walking bouts during condition Ae¢ngAmid,
grouped by whether they spanned the current reward (pink), non-current reward (blue-green), or no reward
(gray). b. Equivalent analysis for condition AB. Since the two rewards were delivered on different tracks,
there was not an obvious definition of the “non-current reward location”. Nevertheless, mice running on
track A exhibited an increased frequency of slowing in the 150-200 cm range, presumably since this was
close to 229 cm (location of track B reward). To ensure these walking bouts were considered related to the
non-current reward location, the definition was expanded to include bouts that spanned any point in the 50
cm preceding 229 cm.
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Supplemental Figure. 7. Modulation of reward predictive-cell activity could not be explained
by speed, licking, overall activity, or selection bias. All plots compare activity or speed when mice
walked before the current reward location (pink) or non-current reward location (blue-green). Error bars
or bands indicate standard error of the mean when averaging across bouts. Activity of cells was first
averaged within each bout, meaning error bars for activity overestimate the true uncertainty. For condition
AcndAmid, data are only shown for day 7 of training or later and the first three traversals of each block
were excluded. Speed data only includes sessions in which reward-predictive cells were recorded. a. Mean
speed (top) and reward-predictive cell activity (bottom) of slowing bouts as a function of time relative to
slowing. b. Activity of reward-predictive cells when bouts were subdivided based on movement speed (top)
or lick rate in the first 5 seconds after slowing (bottom). c. Activity of all cells that exhibited a spatially-
modulated field in at least one context and were not classified as reward-predictive cells. Only includes
sessions in which reward-predictive cells were also recorded. Though overall activity levels differed slightly
between approaching current or non-current reward, they could not account for the difference in activity
of reward-predictive cells. d. Activity of putative reward-predictive cells, analyzed to avoid selection bias
(see Methods). In condition AgpqAmid, activity was much greater when approaching the current reward,
confirming that the effect shown in Figure 5 could not be attributed to selection bias. In condition AB, the
putative reward-predictive cells might have included many place cells that were spuriously slowing-correlated
on track B, and thus remapped randomly on track A, contributing a uniform positive offset in the pink trace.
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Supplemental Figure. 8. Modulation of reward predictive-cell activity could not be explained
by the conjunction of speed and lick rate. a. Each bout was categorized based on the average lick
rate (y-axis) and average speed (x-axis) in the first 5 seconds. Top panels: Average reward-predictive cell
activity during bouts in each category. Bottom panels: number of bouts in each category. Separate plots are
shown for pre-reward walking bouts (left) and walking bouts spanning the non-current reward (right). Data
are only shown for day 7 of training or later and the first three traversals of each block were excluded. b.
Equivalent analysis for condition AB, except that all training days and traversals were included. c. Scatter
plot of reward predictive-cell activity during pre-reward walking bouts (x-axis) and walking bouts spanning
the non-current reward (y-axis). Error bars indicate standard error of the mean. Each point is the average
of bouts from one category (i.e. a single bin from panel a), allowing a direct comparison of reward-predictive
cell activity when controlling for the conjunction of lick rate and walking speed. In nearly every case, activity
was greater when walking before the current reward than the non-current reward, confirming the result of
Figure 5. d. Equivalent analysis of data in panel b.
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4. METHODS

4.1. Surgery. All experiments were performed in compliance with the Guide for the Care and
Use of Laboratory Animals (http://www.nap.edu/readingroom/books/labrats/). Specific protocols
were approved by the Princeton University Institutional Animal Care and Use Committee.

Transgenic mice expressing GCaMP3 [39] (C57BL/6J-Tg(Thyl-GCaMP3)GP2.11Dkim/J, Jackson
Labs strain 028277) were used to obtain chronic expression of calcium indicator. Optical access to
the hippocampus was obtained as described previously [I3]. A small volume of cortex overlying
the hippocampus was aspirated and a metal cannula with a coverglass attached to the bottom was
implanted. A thin layer of Kwik-Sil (WPI) provided a stabilizing interface between the glass and
the brain. The craniotomy was centered at the border of CAl and subiculum (1.8 mm from the
midline, 3 mm poster to bregma) so that both regions could be imaged in a single window, though
not simultaneously. During the same surgery a metal head plate was affixed to the skull to provide
an interface for head fixation.

Mice and their littermates were housed together until surgical implantation of the optical window.
After surgery, mice were individually housed. Mice were housed in transparent cages on a reverse
light cycle, with behavioral sessions occurring during the dark phase.

4.2. Behavioral training. At the time of surgery, mice were aged 7 to 15 weeks. After recovering
for at least 7 days, water intake was restricted to 1 to 2 ml of water per day and was adjusted
within this range based on body weight, toleration of water restriction, and behavioral performance.
After several days of water restriction, mice began training in the virtual environment, typically
one session per day and 5-7 days per week.

The virtual reality enclosure was similar to that described previously [13, [14]. Briefly, head-fixed
mice ran on a styrofoam wheel (diameter 15.2 cm) whose motion advanced their position on a
virtual linear track, and an image of the virtual environment was projected onto a surrounding
toroidal screen. The virtual environment was created and displayed using the VirMEn engine [4].
To mitigate the risk of stray light interfering with imaging of neural activity, only the blue channel
of the projector was used, and a blue filter was placed in front of the projector.

Condition Aq,q: The virtual track was 4 meters long, with a variety of wall textures and towers that
served to provide a unique visual scene at each point on the track. Textures and tower locations
were chosen to replicate as closely as possible a track used in a previous study [14]. When mice
reached a point just before the end (366 cm), a small water reward (4 ul) was delivered via a metal
tube that was always present near the mouth. The reward location in the virtual environment was
unmarked, insofar as visual features at that location were no more salient than at other points on
the track. After running to the end of the track, mice were teleported back to the beginning. To
avoid visual discontinuity, a copy of the environment was visible after the end of the track.

After each reward was delivered, the small droplet of water remained at the end of the tube and was
available for consumption indefinitely. When mice licked the reward tube, regardless of whether
water was available, each lick was detected using an electrical circuit that measured the resistance
between the mouse’s head plate and reward tube. The resistance was sampled at 10 kHz, and
licks appeared as brief (10-20 msec) square pulses. Before identifying lick onset times, a Haar
wavelet reconstruction was performed to reduce electrical noise. In a few cases, electrical noise was
large enough to interfere with lick detection, and these datasets were excluded from analyses that
involved licking.

After at least 5 sessions of training on condition A.,q, mice were exposed to a new reward delivery
paradigm, either condition AcngAmiq or condition AB.
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Condition AcpgAmia: The reward location alternated block-wise between 366 cm and 166 cm (con-
dition AgngAmia, Figure 1d). Within each block, the reward was delivered at either 366 cm (Agnq)
or 166 cm (Ayq). Each session began with a block of context Ag,q. Block transitions occurred
seamlessly, with no explicit cue indicating that the reward location had changed. The reward lo-
cations were not explicitly marked, and there were no visual features common to the two reward
locations that distinguished them from other parts of the track.

Condition AB: Within each block, mice either traversed track A (400 cm, reward at 366 cm) or
track B (250 cm, reward at 229 cm). The two tracks had no common visual textures. Block changes
took place during teleportation at the end of the track, creating a brief visual discontinuity. Each
session began with a block of track A.

Block durations: When a new block began, two criteria were chosen to determine when to switch
to the next block. One criterion was a time interval, typically chosen randomly between 5 and
15 minutes, and the other criterion was a number of traversals, typically chosen randomly in the
range 10 to 20. When either the amount of time or the number of traversals had been reached,
the context changed at the next teleport and a new block began. Across all sessions and mice, the
average block duration was 8.4 + 5.9 minutes (mean + s.d.) and the average number of rewards
was 18.7 + 13.4.

Imaging windows were implanted in a total of 24 mice. Of these, 3 mice were excluded because
of poor imaging quality, 8 were excluded because of poor behavior in condition Agyg (typically
earning less than 1 reward per minute), 1 died unexpectedly, and 12 were used in the study.
Separate cohorts of mice were used for condition AB (5 mice) and condition AgnqAmiq (7 mice),
though one mouse whose data was used for condition A¢nqAmia had previously been exposed to 10
sessions of condition AB (data from the condition AB sessions was not used due to a problem with
experimental records).

4.3. Optical recording of activity. While mice interacted with the virtual environment, two-
photon laser scanning microscopy was used to identify changes in fluorescence of the calcium indica-
tor GCaMP3 caused by neural activity. In most experiments (see exception below), the two-photon
microscope was the same as described previously [I3]. Typical fields of view measured 100 by 200
um, and were acquired at 11-15 Hz.

In CA1, approximately half of pyramidal neurons were labeled, specifically those located in the
dorsal half of the pyramidal layer. In subiculum, approximately three quarters of cells were labeled,
with labeled cells distributed throughout all depths.

To examine the population activity of many simultaneously-recorded cells during a single session,
additional data was obtained from CA1l in one mouse with modified experimental parameters:
individual blocks and sessions lasted longer, and a larger field of view was imaged (500 x 500
um) at a faster scan rate (30 Hz). To obtain a larger field of view, a modified version of the
two-photon microscope was used, similar to a design described previously [26]. Compared to the
microscope used in other experiments, the most significant change was the incorporation of resonant
galvanometer scan mirrors.

This mouse (EM7) was trained on condition AgpgAmiq, and data from only the longest session
(number 12, 114 traversals) was used here. This session provided example data for several figure
panels (3d-h, 4a,b,d, and 5a-b).

However, data from this mouse was not used in the population analyses. The same field of view was
imaged on each day of behavioral training, but no attempt was made to track single cells. When
all recorded cells from this mouse were pooled over time, reward-associated cells were observed,
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confirming suitability of the data as representative of the other mice described in this study. Never-
theless, if this pooled data had been included in the population analyses, it would have introduced
many unidentified duplicate cells, potentially biasing the results, and not being compatible with
some statistical tests.

4.4. Identification of cell activity. All analyses were performed using custom software in MAT-
LAB (Mathworks).

Motion correction of recorded movies was performed using an algorithm described previously [13].
Cell shapes and fluorescence transient waveforms were identified using a modified version of an
existing algorithm [30]. The principal modification was in using a different normalization procedure:
instead of dividing each frame by the baseline, each frame was divided by the square root of the
baseline to yield approximately the same resting noise level in all pixels. This normalization was
used only to identify cell shapes, but not for extracting time courses (see below).

In each movie, the algorithm typically identified 30-150 active spatial components (each referred
to as a “cell”). All cells were kept for subsequent analyses, with no attempt to distinguish somata
from processes. Time courses were computed as follows. For each pixel in each frame, the baseline
was computed by taking the 8th percentile of values in that pixel in a rolling window of 500 frames.
In each frame, the activity amplitude of all cells was computed by performing a least-squares fit of
the cell shapes to the baseline-subtracted frame, yielding the fractional change in fluorescence, or
AF/F. For each cell, the time course was median-filtered (length 3) and thresholded by zeroing
time points that were not part of a significant transient at a 2% false positive rate [13].

In some cases, the motion-corrected movie contained a small amount of residual displacement in
the Z axis, typically about 1 micron. Though small, this displacement could produce apparent
changes in the fluorescence of up to 50%. Because Z displacement was uniform over the entire
image, its value could be readily measured at single-frame time resolution, yielding an estimated
7 displacement time course. In the time course of each cell, the amplitude of the Z displacement
time course was fitted and subtracted before the filtering and thresholding steps described above.
This prevented artifactual changes in fluorescence from contaminating true transients.

In the dataset that employed resonant scan mirrors to obtain a wider field of view, the above
methods could not be applied. The field of view was so large that motion offsets were not consistent
throughout the image (e.g. the top of the image was displaced right while the bottom was displaced
left), which necessitated a more complex motion correction procedure.

First, whole-frame correction was applied separately to each chunk of 1000 frames using the stan-
dard algorithm. To correct for residual motion within each frame, the corrected movie was divided
into 5 spatial blocks, each of which spanned the entire horizontal extent of the image. Vertically,
blocks were evenly sized and spaced, and adjacent blocks overlapped by 50%. In each of the 5 blocks,
motion was identified using the standard algorithm, and these offsets were stored for subsequent
correction.

For cell finding, the imaged area was divided into 36 spatial blocks (6 by 6 grid), with all blocks the
same size, and each overlapping neighboring blocks by 10 pixels. Within each block, the motion
estimates described above were linearly interpolated to estimate motion within the block, and this
offset was applied to correct each frame. After applying this correction offset, there was no apparent
residual motion within the block. Within each block, the shapes of active cells were identified using
constrained nonnegative matrix factorization [37]. Because adjacent blocks overlapped, some cells
were identified more than once. Two identified cells were considered duplicates if their shapes
exhibited a Pearson’s correlation exceeding 0.8, and the cell with a smaller spatial extent was
removed. Time courses were median-filtered (length 10), and thresholded by zeroing time points
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below a certain threshold (4 times the robust standard deviation). All subsequent analysis steps
were performed using the same procedures as other datasets.

4.5. Computing place fields. The spatially-averaged activity was computed by dividing the track
into 10 cm spatial bins, averaging the activity that occurred when the mouse was in each bin, then
smoothing over space by convolving with a Gaussian kernel (radius 20 c¢cm), with the smoothing
kernel wrapping at the edges of the track.

Whether a cell exhibited a spatially-modulated field was defined by how much information its
activity provided about linear track position [48]. For each cell, the information I was computed
as

I = Z 0;a; 10g2 (ai/&)
(2
where o; is the probability of occupancy in spatial bin ¢, a; is the smoothed mean activity level
(AF/F) while occupying bin 4, and a is the overall mean activity level. This value was compared
to 100 shuffles of the activity (each shuffle was generated by circularly shifting the time course by
at least 500 frames, then dividing the time course into 6 chunks and permuting their order). If the
observed information value exceeded the 95th percentile of shuffle information values, its field was
considered spatially-modulated.

The COM of each spatially-modulated cell was computed by transforming the spatially-averaged
activity to polar coordinates, where 6 was the track position and r was the average activity ampli-
tude at that position. The two-dimensional center of mass of these points was computed, and their
angle was transformed back to track position to yield the COM location. No special treatment was
given to cells that might have multiple fields.

Because the end of the track was continuous with the beginning, its topology was a circle rather
than a line segment. To accommodate statistical tests and fits designed for a linear topology, COM
locations were re-centered on the region of interest. For Hartigan’s Dip Test, COM locations were
centered at 266 cm. For fitting Gaussian distributions to the excess density (see below), COM
locations were centered at the reward location.

Reward-associated cells were typically chosen by identifying with COMs located within 25 cm of
the reward (before or after). Reward-predictive cells were defined as reward-associated cells with
a COM located prior to the reward. Place cells were defined as cells with a spatial field that
were not reward-associated. It should be noted that in most cases (e.g. Figures 3-5) a set of
putative reward-associated cells selected based on COM location likely contained some place cells
that coincidentally exhibited fields near the reward. Though the analysis of Figure 2 showed that
reward-associated cells composed a separate class, the identity of given cell active near reward was
ambiguous, since it could not be determined whether it came from the distribution of place cells
or true reward-associated cells.

4.6. Computing activity correlation across environments. To identify how similarly the
entire recorded ensemble encoded position on track A and track B during condition AB, the popu-
lation vector correlation was computed. For each cell, the spatially-averaged and smoothed activity
was computed as described above. Since track B was shorter than track A, only the first 250 cm
of track A was used. The average activity values of every cell at every position were treated as a
single vector, and the Pearson’s correlation was computed between the vector for track A and the
vector for track B.
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4.7. Fitting COM density in condition AB. The density of COMs on each track was fit with
a mixture distribution that combined a uniform distribution and a Gaussian distribution, i.e.

D(z) = au% + a,P(z|p, o?)
where D(x) is the total COM density at track location z, «, is the fraction of cells that are
uniformly distributed, L is the track length, oy = 1 — ¢, is the fraction of cells that compose
the excess density near reward, and P(-|u,0?) is the probability density function for a Gaussian
distribution with mean p and variance ¢2. A maximum likelihood fit to the observed COMs was
used to estimate the « coefficients as well as the parameters of the Gaussian.

The four Gaussian fit parameters (one pair for each track; {ua,0%} and {up,0%}) were then used
to generate the joint probability densities that would be predicted by hypotheses H1 and H2 for
COM locations on the two tracks. Based on these, a mixture distribution was fitted to the observed
COMs. Again a maximum likelihood fit was used to estimate the fraction of cells in each component
of the mixture distribution:

D(z,y) =« +amDmi(z,y) + ap2Daa(z, y)

“LaLg

where D(z,y) was the probability of observing a cell with a COM on track A at location x and a
COM on track B at location y, oy, was the fraction of cells that remapped according to a uniform
distribution, azyp and a o were the respective fractions of cells that remapped according to H1 and
H2, and the following constraint was applied:

Qy + ag + aps = 1.

The H1 and H2 distributions were
1 1 1
DHl(iL',y) =5 7P(.CE‘,U,A,O'124)+7P(:I/‘,U¢B,O'QB)
2\ Lp Ly

and
DH2(1:7y) = P(CL‘,y|[J,, E)

2
_ |HA _|oa 0
w=ll 2= % 5

The shape of the H1 and H2 distributions are shown in rough schematic form in Figure 2e. The
confidence interval for the parameters of the fit was generated by 1,000 bootstrap resamplings of
the observed COM locations.

with

The fit to the joint density only used cells with a spatial field on both tracks (“dual-track cells”).
For cells with a field on only one track (“single-track cells” ), remapping could not be followed across
environments. However, the identity of those cells (place cells or reward-associated cells) could be
inferred by incorporating an additional assumption: that among place cells with a spatial field on at
least one track, a random cross-section would also have a field on the other track. This assumption
postulated that, for example, all place cells with a field on track A were equally likely to have a
field on track B, regardless of their track A field location. This assumption, based on findings of
independence across environments [24], implied that single-track and dual-track place cells would
exhibit the same COM density. After establishing that among dual-track cells the excess density
contained no place cells, it followed that among single-track cells the excess density contained no
place cells, and thus on each track the excess density was composed exclusively of reward-associated
cells (Supplemental Figure [2).
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4.8. Identification of slowing, walking bouts, and rest events. Different behavioral states
were defined based on movement speed, as detailed below. Graphical illustrations of these states
are shown in Supplemental Figure

Instantaneous movement speed was computed as follows. The time course of position was resampled
to 30 Hz, and teleports were compensated to compute the total distance travelled. This trace was
temporally smoothed using a Gaussian kernel with a radius 2 of samples, then the difference between
adjacent time points was computed and smoothed in the same way to yield instantaneous movement
speed.

Pre-reward walking bouts began at the moment speed dropped below a mouse-specific threshold for
the last time prior to reward delivery. Thresholds were chosen manually by examining typical run-
ning speed from sessions late in training. This threshold distinguished “running” from “walking”,
with the moment of transition defined as “slowing”. If speed did not fall below threshold at least
5 cm before reward, the mouse was not considered to have slowed prior to reward. This threshold
was applied because brief (<5 ¢cm) walking bouts occurred throughout the track at approximately
uniform density (not shown), and they might have spuriously overlapped the reward zone even if
the mouse was not aware of the current reward location.

Mice sometimes walked slowly at locations that were not immediately prior to the reward, and these
unrewarded walking bouts were defined slightly differently. First, candidate bouts were identified
as times during which speed was lower than half the threshold. The beginning of the bout was
defined as the moment when speed fell below threshold, and they ended when speed rose above
half the threshold for the last time prior to rising above the full threshold. If the mouse traversed
at least 15 cm during this period, it was considered a walking bout. Walking bouts beginning less
than 25 cm after reward were excluded to avoid the periods when mice ramped up their speed prior
to running to the next reward. Walking bouts that did or did not span the non-current reward
location were categorized separately.

Rest events were defined similarly to walking bouts, with three additional or modified criteria:
speed fell to 1 cm/sec or lower at some point during the bout, distance advanced less than 15 cm
during the bout, and the bout did not span either reward site.

For comparing the activity during rest events or walking bouts to running, periods of running were
defined as the interval between 2 and 5 seconds prior to a walking bout, and only at time points
during which speed was at least 20% over threshold.

4.9. Percentile Correlation. For each cell, the degree of correlation between activity and speed
was quantified with a shuffle test. Values of the spatially-binned speed and activity (as depicted
in panels 3f,g) were treated as vectors, and the Pearson’s correlation between them was computed.
Equivalent values were also computed for a shuffle distribution, in which activity was randomly
assigned to different traversals. If activity tended to occur only after the mouse slowed, the observed
correlation would be lower than the shuffle distribution.

Importantly, the percentile correlation was not treated as a p-value. Applying a statistical test of
significance to the entire population would require a correction factor for multiple comparisons, a
more stringent test that might exclude many cells. Instead, the percentile correlation was treated
as a general score, with the null expectation that, for example, 5% of cells would exhibit a value of
5th percentile or less.

The polarity (positive or negative) of the observed correlation was not considered, since it was not
necessarily informative about whether the activity of a cell was related to slowing. The correlation
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could be negative even for a cell that was not related to slowing, and it could be positive for a cell
that was precisely aligned to slowing.

4.10. Density of Slowing-Correlated Cells. The aim of this measurement was to determine
whether slowing-correlated cells occurred more frequently than chance among the populations of
place cells and reward-associated cells. Only cells with a spatial field during both contexts in
condition AgngAmig were included, and each cell was assigned to a spatial bin based on it how
remapped (50cm bin width, bin edges offset by 16cm to align with reward location). The following
analysis was performed separately for cells that were slowing-correlated during Ag,q (Figure 3i)
and during Apiq (Supplemental Figure )

To estimate the density of slowing-correlated cells in each bin, the numerator was the number of
slowing-correlated cells, and the denominator was the number of cells with sufficient activity (a
transient onset within 100 cm before reward on at least ten trials). Under the null hypothesis, the
density of slowing-correlated cells would be 0.05 in each bin. Because in some bins the numerator
and denominator were very small (e.g. 1/3), the maximum likelihood estimate of density (e.g.
0.33) would not reflect the high level of uncertainty. Therefore the estimated density was taken as
the lower bound of the 95% confidence interval for a binomially-distributed variable (e.g. 0.0084).
The densities of each bin were then smoothed with a Gaussian kernel (radius 0.8 bins), with the
convolution wrapping at the edges of the track. Regions in which this spatially-smoothed lower
bound estimate exceeded 0.05 were assumed to contain a greater fraction of slowing-correlated cells
than predicted by the null hypothesis.

4.11. Nonparametric Analysis of Remapping among Slowing-Correlated Cells. This anal-
ysis had the same aim as computing the density of slowing-correlate cells, but it was nonparametric
in the sense that it did not use the COM location, nor did it explicitly calculate the density. All
cells were included that exhibited a spatially-modulated field during the context under consider-
ation (Aepg or Apiq). For each cell, activity on each traversal was spatially binned (10 cm bin
width), averaged across traversals, and the average was normalized to have a sum of 1. To en-
sure this reflected the steady-state activity within each block, the first three traversals after block
transitions were excluded. The averages of all slowing-correlated cells were combined by taking the
mean across cells in each spatial bin. To estimate the baseline fluorescence level for comparison, the
same procedure was applied to all cells with a spatial field that were not slowing-correlated.

4.12. Time of activity relative to slowing. Activity was binned on each trial (200 msec width)
relative to slowing time, averaged across trials, and smoothed by convolving with a Gaussian kernel
(s.d. 0.1 sec). The point when this trace assumed its maximum was taken as the time of peak
activity for each cell. For Figure 4c, cells were only included if they were active in the 10 seconds
prior to slowing on at least 5 traversals of each context.

4.13. Combining speed and activity across trials. Image acquisition rates varied across
datasets (typically near 12 Hz), and within each dataset the estimate of instantaneous speed (de-
scribed above) was subsampled to match the frame rate to be sure speed was precisely aligned to
activity. To combine across datasets, speed and activity time courses were resampled to 10 Hz
(MATLAB “resample” command).

For Figure 5¢, a subset of bouts was chosen to ensure the average speed profiles were as similar
as possible for bouts before the current and non-current reward. For condition AcngAmig, a bout
before the non-current reward was excluded if normalized speed fell below 0.3 in the time interval
[-2 -0.5] seconds relative to slowing, or if it rose above 0.8 in [3 4]. For condition AB, a bout before
the non-current reward was excluded if normalized speed fell below 0.6 in the time interval [-2 -1]
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seconds relative to slowing, or if it fell below 0.2 in [0 1] or below 0.01 in [2 3]; and bouts before the
current reward were excluded if normalized speed fell below 0.5 in [-2 -1] or rose above 2 in [-2 -1].
These parameters were chosen manually to maximize similarity of speed profiles, thus providing a
controlled comparison of activity levels.

4.14. Control for selection bias when classifying reward-predictive cells. Reward-predictive
cells were defined based on exhibiting an average activity location prior to the current reward, a
definition that might bias the population to exclude cells that were active prior to the non-current
reward. To overcome this bias, a collection of putative reward cells was selected based on being
slowing-correlated (see above), a definition that would not tend to include or exclude cells that
were active on other parts of the track. Nevertheless, slowing-correlated cells were biased to in-
clude cells that were frequently active near the current reward site. Therefore, for the analysis
of Supplemental Figure [7] the activity of these cells was only compared on the other part of the
track. For example, if putative reward-predictive cells were selected for being slowing-correlated
when mice approached the reward at 366 cm, only their activity preceding 166 cm was used: their
activity when approaching the current reward was measured during A,,;q, and their activity when
approaching the non-current reward was measured during Ag,q. This ensured that the activity
being compared was independent of the activity used for cell selection.
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