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Figure S1: Morphological reconstructions of inhibitory neurons ordered by t-type — 1 of
11. n=>543 neurons have both automated and manual reconstructions, n=270 - only automated ones.
For each t-type, cells with both automated and manual reconstructions are shown first, separated by
faint dashed lines, followed by cells that are reconstructed only automatically. Dendrites and axon
are in darker and lighter colors, respectively. Best viewed digitally. PQT: poor quality transcriptomic

characterization — not used for t-type related analyses. T: cells used in segmentation model training.
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Figure S2: Morphological reconstructions of inhibitory neurons ordered by t-type — 2 of

11. Please refer to the caption of Figure S1.
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Figure S3: Morphological reconstructions of inhibitory n ordered by t-type — 3 of
11. Please refer to the caption of F1gure S1.
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Figure S4: Morphological reconstructions of inhibitory neurons ordered by t-type — 4 of

11. Please refer to the caption of Figure S1.
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Figure S5: Mo ph logical reconstructi of inhibit neurons ordered by t- — 5 of
11. Please refer to the capti ng e S1.
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Figure S6: Morphological reconstructions of inhibitory neurons ordered by t-type — 6 of

11. Please refer to the caption of Figure S1.
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Figure S7: Morphological reconstructions of inhibitory neurons ordered by t-type — 7 of

11. Please refer to the caption of Figure S1.
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Figure S8: Morphological reconstructions of inhibitory neurons ordered by t-type — 8 of

11. Please refer to the caption of Figure S1.
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Figure S9: Morphological reconstructions of inhibitory neurons ordered by t-type — 9 of

11. Please refer to the caption of Figure S1.
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Figure S10: Morphological reconstructions of inhibitory neurons ordered by t-type — 10
of 11. Please refer to the caption of Figure S1.
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Figure S11: Morphological reconstructions of inhibitory neurons ordered by t-type — 11 of

11. Please refer to the caption of Figure S1.
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Image stack Automated trace (app2) Automated trace (ours) Manual trace

Figure S12: A qualitative comparative study of automated reconstruction accuracy based
on three example test inhibitory neurons. Minimum intensity projection of image stacks (left
column), automated reconstructions using the app2 algorithm@ (second column), automated
reconstructions using the proposed method (third column), manual reconstructions (right column).
We tried multiple parameter values to optimize app2’s performance. For manual and our automated
reconstructions: dendrites (blue), axons (red), soma (black). For automated reconstructions using

app2: neurites (gray). Scale bar, 100 pm. Source data are provided as a Source Data file.
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Image stack Automated trace Manual trace

Figure S13: Morphological reconstructions of example neurons from other datasets, with-
out tuning the segmentation model. Left column: minimum intensity projection of image stacks,
middle column: automated reconstruction, right column: manual reconstruction. a, A human cortical
inhibitory cell. b, Another human cortical inhibitory cell. All experimental steps prior to imaging were
performed by a different laboratory and imaging was done at the Allen Institute@). c, A macaque
subcortical inhibitory cell. d, Mouse subcortical inhibitory cell. Dendrites (blue), axons (red), soma
(black). e, Part of a cat cortical excitatory cell, a part of the DIADEM dataset 33 originally obtained
by Ref4 — different colors indicate different connected components. Scale bar, 100 pm. Source data

are provided as a Source Data file.
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Image stack Automated trace Manual trace

Figure S14: Morphological reconstructions of example excitatory neurons with traced
axons. The method can trace and label the axon as well when it is captured in the slice. Minimum
intensity projection of image stacks (left column), automated reconstructions (middle column), manual
reconstructions (right column). Basal dendrites (blue), apical dendrites (magenta), axon (red), soma

(black). Scale bar, 100 pm. Source data are provided as a Source Data file.
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Image stack Automated trace

Manual trace 3

Figure S15: Comparison of automated vs. multiple manual reconstructions for one example
test neuron. This neuron is not used for training. Multiple manual reconstructions are obtained
to estimate cross-human agreement. Minimum intensity projection of the image stack (top left),
automated reconstruction (top middle), manual reconstructions (bottom). Dendrites (blue), axons
(red), soma (black). Scale bar, 100 pm. See Table [S2 for quantification. Source data are provided as a

Source Data file.
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Figure S16: Comparison of automatically vs. manually generated morphometric features.
Scatter plots (n=340 cells) for every feature are shown. For each feature, the y-axis denotes values
based on manual traces and the x-axis denotes values based on automated traces. Each dot depicts an
individual cell, and its color indicates the cell’s t-type, consistent with the coloring scheme in Ref

Source data are provided as a Source Data file.
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Figure S17: Neuron reconstruction accuracy. Scatter plots (n=340 cells) for precision vs. recall
calculated by comparing automated and manual trace nodes within a given distance (2, 5, and 10 pm),
as described in the main text, are shown for axonal, dendritic, and neurite (axonal or dendritic) nodes.
Each dot depicts an individual cell, and its color indicates the cell’s t-type, consistent with the coloring

scheme in Ref5 Source data are provided as a Source Data file.
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Figure S18: Comparison of automatically vs. manually generated ADRs. Scatter plots
(n=340 cells) for the root-mean-squared error (left) and Pearson’s correlation r values (right) for
each cell’s automatically reconstructed axonal vs. dendritic arbors, with respect to the corresponding
manual traces, are shown. Each dot depicts an individual cell, and its color indicates the cell’s t-type,

consistent with the coloring scheme in Ref® Source data are provided as a Source Data file.

19



a Features, manual reconstructions b Features, auto reconstructions
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Figure S19: Comparison of cell type classification accuracy based on a set of classical
morphometric features using manually vs. automatically reconstructed cells. Confusion
matrix for the classification of 38 t-types based on features, using manually (n—=488 cells) (a) and
automatically (n=488 cells) (b) reconstructed cells. Accuracy values reported in the headers refer to
mean =+ s.d. of the overall t-type and t-subclass classifiers, respectively, across cross-validation folds.
Rightmost column lists the number of cells in each t-type (n). Source data are provided as a Source
Data file.
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Figure S20: Arbor density-based cell type classification performance using resolution index.
The depth of the Tasic et al. GABAergic neuron hierarchical tree is normalized to the 0-1 range,
and resolution index for each cell is defined as the value of the closest common ancestor of the true
and predicted leaf node labels. Perfect classification corresponds to resolution index of 1. Error bars
indicate resolution index (mean £ SE over 10-fold stratified cross validation sets) for each cell type.
The overall mean across cell types is indicated by blue on the y-axis. Cell types absent from the
dataset are indicated by grayed out labels on the x-axis. Classification was performed with multi-layer
perceptron classifiers using arbor density representation of all (a), manually (b) and automatically
(c) reconstructed neurons as input. Resolution index values are not strictly comparable across panels
because the numbers of cells and types are not identical. Left panel: n=747 cells, 42 types; middle and

right panels: n=488 cells, 38 types. (See Figure 3.) Source data are provided as a Source Data file.
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Figure S21: Feature-based cell type classification performance using resolution index. As
before, error bars indicate resolution index (mean £+ SE over 5-fold stratified cross validation sets
repeated 20 times) for each cell type. The overall mean across cell types is indicated by blue on
the y-axis. Cell types absent from the dataset are indicated by grayed out labels on the x-axis.
Classification was performed with random forest classifiers using morphometric features of all (a),
manually (b) and automatically reconstructed cells (c) as input. Resolution index values are not
strictly comparable across panels because the numbers of cells and types are not identical. Left panel:
n=TAT7 cells, 42 types; middle and right panels: n—488 cells, 38 types. (See Figure 3.) Source data are

provided as a Source Data file.
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Precision Axon Dendrite Neurite
Distance, pm | raw masked raw masked raw masked

2 0.81 +0.08 | 0.83 £ 0.07 | 0.72 + 0.15 | 0.73 £ 0.15 | 0.89 £+ 0.04 | 0.91 4+ 0.03
5 0.89 + 0.07 | 0.91 + 0.06 | 0.76 = 0.14 | 0.77 £ 0.14 | 0.95 £ 0.03 | 0.97 £ 0.02
10 0.93 +0.06 | 0.96 + 0.05 | 0.82 £ 0.12 | 0.82 £ 0.12 | 0.97 £ 0.03 | 0.99 4+ 0.01
Recall Axon Dendrite Neurite
Distance, pm | raw masked raw masked raw masked

2 0.58 +0.16 | 0.58 + 0.16 | 0.81 + 0.20 | 0.81 £ 0.20 | 0.73 &£ 0.11 | 0.73 + 0.11
5 0.66 + 0.16 | 0.66 = 0.16 | 0.83 £ 0.19 | 0.83 £ 0.19 | 0.80 £ 0.11 | 0.80 4+ 0.11
10 0.75 £ 0.16 | 0.75 + 0.16 | 0.87 £ 0.17 | 0.87 £ 0.17 | 0.87 £ 0.09 | 0.87 &+ 0.09
F1-score Axon Dendrite Neurite
Distance, pm | raw masked raw masked raw masked

2 0.66 + 0.13 | 0.67 = 0.13 | 0.74 + 0.16 | 0.74 £ 0.16 | 0.80 £+ 0.08 | 0.80 4+ 0.08
5 0.75 £+ 0.13 | 0.76 + 0.13 | 0.78 + 0.15 | 0.78 + 0.15 | 0.87 + 0.07 | 0.87 £+ 0.07
10 0.82 +0.12 | 0.83 £ 0.12 | 0.83 £ 0.13 | 0.83 £ 0.13 | 0.92 £ 0.06 | 0.92 £+ 0.06

Table S1: Neuron reconstruction accuracy. Precision, recall, and Fl-score values are calculated
by comparing automated and manual trace nodes within a given distance (2, 5, and 10 pm). Mean +
s.d. of the values over n=340 cells are reported for axonal, dendritic, and neurite (combined axonal

and dendritic) nodes of raw and masked automated traces. Source data are provided as a Source Data
file.
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Precision Axon Dendrite Neurite
Distance, pm | manual auto manual auto manual auto

2 0.93 +0.02 | 0.88 + 0.01 | 0.99 + 0.00 | 0.82 £ 0.00 | 0.93 £+ 0.02 | 0.91 4+ 0.01
5 0.97 +0.01 | 0.92 + 0.01 | 1.00 £+ 0.00 | 0.86 £+ 0.01 | 0.97 4+ 0.01 | 0.94 4+ 0.01
10 0.98 +0.01 | 0.95 + 0.01 | 1.00 £+ 0.00 | 0.89 £+ 0.01 | 0.98 4+ 0.01 | 0.96 4+ 0.01
Recall Axon Dendrite Neurite
Distance, pm | manual auto manual auto manual auto

2 0.92 +0.01 | 0.91 + 0.01 | 0.98 £ 0.00 | 0.65 £ 0.00 | 0.92 £+ 0.01 | 0.92 4+ 0.01
5 0.96 + 0.02 | 0.96 + 0.01 | 0.99 + 0.00 | 0.71 £ 0.00 | 0.96 4+ 0.01 | 0.98 4+ 0.01
10 0.97 + 0.01 | 0.99 + 0.00 | 0.99 + 0.00 | 0.73 £+ 0.00 | 0.97 £ 0.01 | 0.99 + 0.00
F1l-score Axon Dendrite Neurite
Distance, pm | manual auto manual auto manual auto

2 0.92 +0.01 | 0.89 + 0.00 | 0.99 + 0.00 | 0.73 £ 0.00 | 0.93 £ 0.01 | 0.91 £+ 0.00
5 0.96 + 0.00 | 0.94 + 0.00 | 0.99 + 0.00 | 0.78 £ 0.00 | 0.97 £ 0.00 | 0.96 + 0.00
10 0.98 + 0.00 | 0.97 + 0.00 | 1.00 + 0.00 | 0.80 £+ 0.00 | 0.98 £+ 0.00 | 0.98 4+ 0.00

Table S2: Neuron reconstruction accuracy for multiple manual traces vs. the automated
trace for a single test cell. See Figure for projections of the raw image and the corresponding
reconstructions for this test neuron. Precision, recall, and F1-score values are calculated by comparing
pairs of trace nodes within a given distance (2, 5, and 10 pm). Mean =+ s.d. of the values over three
pairwise comparisons (n=3 pairs) are reported for axonal, dendritic, and neurite (combined axonal
and dendritic) nodes of manual vs. manual traces and automated vs. manual traces. Source data are

provided as a Source Data file.
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Sst Calb2 Pdlim5 Sst Hpse Cbln4 | Sst Chodl Pvalb Reln Itm2a | Pvalb Tpbg Lampb Lspl
L1 axon 0/ 0.40 1.000 0.637 0.023 / 0.13 0.033 / 0.21 | 0.013 / 0.56
L2/3 axon 0.013 / 0.30 1.000 1.000 0/0.35 0.023 / 0.27 | 0.042 / 0.52
L4 axon 0.689 0.332 0.607 0/0.35 0.216 1.000
L5 axon 0.033 / 0.15 0.013 / 0.25 1.000 0.102 0.058 0.135
L6 axon 1.000 0.081 0.288 0.182 1.000 0.058
L1 dendrite 0.042 / 0.17 1.000 0.689 0.088 0/0.42 0.283
L2/3 dendrite 0.033 / 0.15 1.000 0.332 0.013 / 0.27 0.042 / 0.21 1.000
L4 dendrite 0.697 0/ 0.40 0.013 / 0.40 | 0.058 0.074 0.393
L5 dendrite 0/0.19 0.102 0.393 0/0.25 0.013 / 0.26 | 1.000
L6 dendrite 1.000 0.088 0.866 0.051 0.363 1.000
soma depth 0/ 0.26 0.023 / 0.21 0.246 0/0.34 0.013 / 0.29 | 0.023 / 0.48
axon centroid 0.023 / 0.16 0.210 0.058 0/0.34 0.058 0.013 / 0.44
dendrite centroid | 0.150 0.023 / 0.26 0.096 0/ 0.39 0.013 / 0.38 | 0.023 / 0.46
Lampb Plch2 Dock5 | Sst Pvalb Lampb Vip
L1 axon 0.042 / 0.40 0/0.29 0/0.29 0/ 0.47 0/0.24
L2/3 axon 0.322 0/041 0/ 0.66 0.813 0/0.27
L4 axon 0.351 0/0.44 0/0.40 0.210 0/0.18
L5 axon 0.081 0/0.33 0/0.21 1.000 0/0.18
L6 axon 0.540 0/0.37 0/0.52 1.000 0.813
L1 dendrite 0/ 0.40 0.023 / 0.01 0/0.42 0/0.25 1.000
L2/3 dendrite 1.000 0/0.37 0/ 0.66 1.000 0/0.48
L4 dendrite 1.000 0/0.42 0/0.28 1.000 0/0.16
L5 dendrite 1.000 0/0.19 0/024 1.000 0/0.34
L6 dendrite 1.000 0/0.44 0/0.59 1.000 0.689
soma depth 0.067 0/0.48 0/0.70 0/0.24 0/0.33
axon centroid 0.074 0/ 0.53 0/0.72 0/0.25 0/0.29
dendrite centroid | 0.074 0/ 0.45 0/0.68 0/ 0.26 0/0.21

Table S3: Statistical significance and effect size values for predicting anatomical features

from gene expression via sparse linear regression for seven different cell types and four

subclasses. For each entry, the FDR-corrected p-value as calculated by a non-parametric one-sided

shuffle test is listed. (See Sparse feature selection analysis under Methods.) If the value is considered

statistically significant at p < 0.05, the R? value is also displayed (p / R?). p-values less than or equal

to 0.05 and R? values larger than or equal to 0.25 are shown in bold. Source data are provided as a

Source Data file.
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Sst Calb2 Pdlimb Sst Hpse Cbln4 | Sst Chodl Pvalb Reln Itm2a | Pvalb Tpbg Lampb Lspl
L1 axon 0/ 0.40 0.481 0.090 0.002 / 0.13 0.003 / 0.21 0.001 / 0.56
L2/3 axon 0.001 / 0.30 0.232 0.306 0/0.35 0.002 / 0.27 | 0.004 / 0.52
L4 axon 0.100 0.044 / 0.01 0.085 0/0.35 0.027 / 0.06 | 0.312
L5 axon 0.003 / 0.15 0.001 / 0.25 0.347 0.012 / 0.07 0.006 / 0.14 0.016 / -0.45
L6 axon 0.251 0.009 / 0.10 0.037 / 0.11 0.022 / -0.05 0.227 0.006 / 0.32
L1 dendrite 0.004 / 0.17 0.895 0.100 0.010 / -0.26 0/0.42 0.036 / -0.03
L2/3 dendrite 0.003 / 0.15 0.234 0.044 / 0.05 | 0.001 / 0.27 0.004 / 0.21 | 0.189
L4 dendrite 0.102 0/ 0.40 0.001 / 0.40 | 0.006 / 0.09 0.008 / 0.15 | 0.054
L5 dendrite 0/0.19 0.012 / 0.13 0.054 0/0.25 0.001 / 0.26 | 0.174
L6 dendrite 0.230 0.010 / 0.15 0.130 0.005 / 0.08 0.049 / 0.01 | 0.177
soma depth 0/ 0.26 0.002 / 0.21 0.031 /0.06 | 0/ 0.34 0.001 / 0.29 | 0.002 / 0.48
axon centroid 0.002 / 0.16 0.026 / 0.04 0.006 / 0.26 | 0 / 0.34 0.006 / 0.21 | 0.001 / 0.44
dendrite centroid | 0.018 / 0.18 0.002 / 0.26 0.011 /0.22 | 0/ 0.39 0.001 / 0.38 | 0.002 / 0.46

Lampb Plch2 Dock5 | Sst Pvalb Lampb Vip
L1 axon 0.004 / 0.40 0/0.29 0/0.29 0/0.47 0/0.24
L2/3 axon 0.042 / 0.08 0/0.41 0/0.66 0.120 0/0.27
L4 axon 0.047 / 0.01 0/0.44 0/ 0.40 0.026 / 0.01 0/018
L5 axon 0.009 / 0.07 0/0.33 0/0.21 0.186 0/0.18
L6 axon 0.075 0/0.37 0/0.52 0.177 0.121
L1 dendrite 0/ 0.40 0.002 / 0.01 0/0.42 0/0.25 0.208
L2/3 dendrite 0.218 0/0.37 0/ 0.66 0.510 0/0.48
L4 dendrite 0.285 0/0.42 0/0.28 0.214 0/0.16
L5 dendrite 0.217 0/0.19 0/024 0.217 0/0.34
L6 dendrite 0.292 0/0.44 0/0.59 0.160 0.099
soma depth 0.007 / 0.20 0/0.48 0/0.70 0/0.24 0/0.33
axon centroid 0.008 / 0.23 0/ 0.53 0/0.72 0/0.25 0/0.29
dendrite centroid | 0.008 / 0.16 0/0.45 0/ 0.68 0/0.26 0 /021

Table S4: Statistical significance and effect size values for predicting anatomical features

from gene expression via sparse linear regression for seven different cell types and four

subclasses — before FDR correction. For each entry, original p-value as calculated by a non-

parametric one-sided shuffle test is listed. If the value is considered statistically significant at p < 0.05,

the R? value is also displayed (p / R?). p-values less than or equal to 0.05 and R? values larger than

or equal to 0.25 are shown in bold. Source data are provided as a Source Data file.
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for different cell types/subclasses

ificant sets with R2 > 0

mear regression

1

ia sparse
and anatomical features. Only statistically sign

Gene sets selected v

Table S5

.25 are shown (See Sup-

plementary Table 1). Numbers in parentheses denote the number of times the preceding gene was

selected out of 5 cross-validation runs. Source data are provided as a Source Data file.
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