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Figure S7. EXTRACT detects spiny projection neurons in multi-plane two-photon imaging

data acquired in dorsal striatum.

(A) We re-analyzed previously published datasets* in which we had used dual-color, multi-plane
two-photon imaging to track the Ca®* dynamics of spiny projection neurons of the basal ganglia’s
direct and indirect pathways (dSPNs and iSPNs) in the dorsomedial striatum of head-fixed mice at
liberty to walk or run on awheel. Both neuron-types expressed GCaMP6m, but only dSPNs
expressed an additional red fluorophore, tdTomato. Within each mouse we sampled SPN Ca?

dynamics within four different optical focal planes spaced 15 um apart in the axial dimension.

(B) We ran EXTRACT on the Ca» imaging data acquired from each of the four different planes.
Following cell extraction, we identified each neuron as either an iSPN or a dSPN according to

whether the cell expressed tdTomato or not, in addition to GcaMP6m.

(C) An example cell identified in all four planes. After running EXTRACT, we merged multiple
instances of single cells on different planes based on correlations among spatial and temporal

components across planes.

(D-F) The identified components of a representative set of 10 dSPNs and 10 iSPNs. (D) Cell
images for iSPNs (left) and dSPNs (right). (E) Ca= traces of the dSPNs shown in (A) with matching

cell IDs. (F) Ca> traces of the iSPNs shown in (A) with matching cell IDs.

(G, H) We used support vector classifiers in conjunction with regularized linear regression to detect
movement and predict the locomotor speed simultaneously, using the detected events from the
AF/F traces of the algorithm output. (G) When we deployed this method for iSPNs and dSPNs
separately, we observed that the estimated locomotor speed tracked very closely the actual speed

on a held-out test portion of the data with both populations. (H) We quantitatively measured the
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prediction performance by computing the Pearson’s correlation coefficient between the predicted
and the actual locomotor speed on randomly held-out test data over repeated runs. By using either

iSPN or dSPN population activity, we could reach reasonably high correlation values, consistent

with Ref.4,
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Figure S8
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Figure S8. EXTRACT identifies dendritic Ca=> activity in cerebellar Purkinje and neocortical

pyramidal neurons in live mice.

(A, B). Cell maps of cerebellar Purkinje neuron dendritic trees (left panels), along with the
extracted spatial forms (middle panels) and corresponding Ca= traces (right panels) for 10 example
cells in each of two mice, as obtained by applying EXTRACT to Ca= activity datasets acquired in
live mice with a two-photon mesoscope'. EXTRACT found the dendritic trees of 507, (A), and 646,

(B), Purkinje neurons in the two mice.

(C, D) Analogous panels to those in (A), (B) but for Ca=» videos acquired with a conventional
two-photon microscope in the layer 1, apical dendrites of neocortical pyramidal neurons in live
mice. EXTRACT found 860 dendritic segments, (C), and 905, (D), dendritic segments for layer 2/3

and layer 5 pyramidal neurons, respectively, in the two mice.
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A Visual Quick Start Guide

General settings
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How to speed up cell extraction with

graphics processing units
and/or parallel processing?

Deal with overlapping
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remove duplicate cells
remove one
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See tutorial 2
parallel cpu
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For both cases, num workers sets how
many partitions (maximum k) to parallelize across

—> Downsample the movie in time for faster

cell finding and refinement
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Helpful tips for cell extraction

EXTRACT has several helper functions to improve
cell extraction process and perform quality control

¢ Input Movie

Movie Preprocessing | See tutorial 3

Save processed movie preprocess_save.m
Watch the movie view movie.m
VAlways check a representative movie!

Robust Cell Finding

See tutorial 4

During hyperparameter optimization, set

visualize cell finding = true

max_ iter 0

N

Final robust regression module
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The final Ca** activity traces trace output option
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'baseline_adjusted’
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Remove if maximum signal < T min_snrxg See tutorialy
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Cell Refinement | See tutorial 5

During hyperparameter optimization, set
hyperparameter tuning flag =

true
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Final Robust Regression | See tutorial 6

Two relevant functions to check final outputs:
plot_stacked traces_double.m

plot _cellmap.m
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Figure S9. A visual guide to EXTRACT’s internal workings and hyperparameters.

We designed six tutorials to help new users adopt EXTRACT, each of which provides a deep look
into a distinct aspect of EXTRACT. Besides the cell extraction routine, EXTRACT’s Github
repository®® includes helper functions to facilitate pre-processing of Ca®* imaging movies and
visually inspect the cell extraction results. Supplementary Note 5, a detailed user manual, utilizes

the six tutorials and discusses the codebase.
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