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Supplementary Table 1: Pearson correlation coefficients between calcium measures and FISH scores.
Supplementary Table 2: GAM R squared coefficients between calcium measures and FISH scores.

Supplementary Table 3: Cohen’s d and K-S p value at different FISH score threshold between marker
positive and marker negative cells.

Supplementary Table 4: Cohen’s d and K-S p value at different FISH score threshold between inhibitory
(gad1.1) and excitatory (slc17a7) neurons.

Supplementary Table 5: Cohen’s d and K-S p value at different FISH score threshold between neural
progenitors (sox2) and differentiated neurons (tubb2b).

Supplementary Table 6: De-trended calcium imaging data. The first column represents the cell ID from
60 experimental conditions (3 stages, 4 genes, and 5 replicates), and columns 2 to end is time series
fluorescent intensity. FISH data and manual ID registration data is available upon request.
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Supplementary Figure 1: Comparison of calcium activity between gad1.1-positive (inhibitory) neurons, gad1.1 negative
cells, slc117-positive (excitatory) and slc17a7 negative cells (cells with a FISH signal intensity 200% or more than five
lowest cells on the same experimental plate were considered positive for expression of the gene of interest). Calcium
activity was quantified using (A) Markovian Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike
frequency counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural plate stage (Stage 14). Stars
represent statistically significant differences according to both Bonferroni-corrected two-sample Kolmogorov-Smirnov
Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< 1d| > 0.5, **: 0.5 < |d| >0.8, ***: |d| >.8). Markovian entropy

was calculated with n=4 and k=1.



International Journal of |/.\
Molecular Sciences MD\Py
A Markovian Entropy Method B 1 2Hurst Exponent Estimation c 10 Power Spectral Analysis
1 * %k . * % % 3k k
> | EFE ‘ | kk
o ; STgs 4 1 A - 8
e ." 2T ] >
4508 . o 2 10
< : & = o)
L Q (@] B
— 06 o w
o ] 20
> 04 o © 10
3 ] Q
o 502 =
(1% 0.2 T < @&
= 0 0 10°
(G I O N G R O I S [ I O T ) B O
SOX2 tubb2b sox2 tubb2b Sox2 tubb2b
D Spikes > 125% of Baseline Spikes > 150% of Baseline 15Spikes > 200% of Baseline
* % % 30
40 it
251 o |
_ 8% s 5
£ 30 20 £
T~ \ >
w -
£ 20 1518
& 10/
10
) S
-otﬂ l ‘ o 0
0 = =
£ 60 ® 0 @ A "M X
8 SOX2 tubb2b Sox2 tubb2b Sox2 tubb2b
g g Spikes > 300% of Baseline " Spikes > 400% of Baseline Spikes > 500% of Baseline
= 6
w %k %k %k
;B * % 6 %k %k
== ) . * % 4 o
Q4 o 4
=~
2 ) 2
2 O O 9
0 ® 6 0 "0
sox2 tubb2b sox2 tubb2b Sox2 tubb2b

Supplementary Figure 2: Comparison of calcium activity between neural progenitors (sox2-positive), cells that were
not sox2 positive, differentiated (tubb2b-positive) neurons, and tubb2b-negative cells (cells with a FISH signal intensity
200% or more than five lowest cells on the same experimental plate were considered positive for expression of the gene
of interest). Calcium activity was quantified using (A) Markovian Entropy Measure (B) Hurst Exponent (C) Average
power (D) Spike frequency counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural plate stage
(Stage 14). Stars represent statistically significant differences according to both Bonferroni-corrected two-sample
Kolmogorov-Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d | > 0.5, **: 0.5< |d| >0.8, ***: |d| 2
.8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 3: Comparison of calcium activity between inhibitory (gad1.1-positive) neurons, gad1.1-negative
cells, excitatory (slc17a7-positive) neurons, and slc17a7-negative cells (cells with a FISH signal intensity 300% or more
than the five lowest cells on the same experimental plate were considered positive for expression of the gene of interest).
Calcium activity was quantified using (A) Markovian Entropy Measure (B) Hurst Exponent (C) Average power (D)
Spike frequency counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural plate stage (Stage 14).
Stars represent statistically significant differences according to both Bonferroni-corrected two-sample Kolmogorov-
Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< Id| > 0.5, **: 0.5< Id| >0.8, ***: |d| 2.8). Markovian
entropy was calculated with n=4 and k=1.
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Supplementary Figure 4: Comparison of calcium activity between neural progenitors (sox2-positive), cells that were
not sox2-positive, differentiated (fubb2b-positive) neurons, and tubb2b-negative cells (cells with a FISH signal intensity
300% or more than the five lowest cells on the same experimental plate were considered positive for expression of the
gene of interest). Calcium activity was quantified using (A) Markovian Entropy Measure (B) Hurst Exponent (C)
Average power (D) Spike frequency counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural
plate stage (Stage 14). Stars represent statistically significant differences according to both Bonferroni-corrected two-
sample Kolmogorov-Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< Id| > 0.5, **: 0.5 < |d| >0.8,
**: 1d | > .8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 5: Comparison of calcium activity between inhibitory (gad1.1-positive) neurons, gad1.1-negative
cells, excitatory (slc17a7-positive) neurons, and slc17a7-negative cells (cells with a FISH signal intensity 400% or more
than the five lowest cells on the same experimental plate were considered positive for expression of the gene of interest).
Calcium activity was quantified using (A) Markovian Entropy Measure (B) Hurst Exponent (C) Average power (D)
Spike frequency counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural plate stage (Stage 14).
Stars represent statistically significant differences according to both Bonferroni-corrected two-sample Kolmogorov-
Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< Id| > 0.5, **: 0.5< Id| >0.8, **: |d| >.8). Markovian
entropy was calculated with n=4 and k=1.
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Supplementary Figure 6: Comparison of calcium activity between neural progenitors (sox2-positive), cells that were
not sox2-positive, differentiated (tubb2b-positive) neurons, and tubb2b-negative cells (cells with a FISH signal intensity
400% or more than the five lowest cells on the same experimental plate were considered positive for expression of the
gene of interest). Calcium activity was quantified using (A) Markovian Entropy Measure (B) Hurst Exponent (C)
Average power (D) Spike frequency counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural
plate stage (Stage 14). Stars represent statistically significant differences according to both Bonferroni-corrected two-
sample Kolmogorov-Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< Id| > 0.5, **: 0.5 < |d| >0.8,
**: 1d| > .8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 7: Comparison of calcium activity between inhibitory (gad1.1-positive) neurons, gadl.1-negative
cells, excitatory (slc17a7-positive) neurons, and slc17a7-negative cells (cells with a FISH signal intensity 200% or more
than the five lowest cells on the same experimental plate were considered positive for expression of the gene of interest).
Calcium activity was quantified using (A) Markovian Entropy Measure (B) Hurst Exponent (C) Average power (D)
Spike frequency counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural tube stage (Stage 18).
Stars represent statistically significant differences according to both Bonferroni-corrected two-sample Kolmogorov-
Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< Id| > 0.5, **: 0.5< Id| >0.8, **: |d| >.8). Markovian
entropy was calculated with n=4 and k=1.
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Supplementary Figure 8: Comparison of calcium activity between neural progenitors (sox2-positive), cells that were
not sox2-positive, differentiated (tubb2b-positive) neurons, and tubb2b-negative cells (cells with a FISH signal intensity
200% or more than the five lowest cells on the same experimental plate were considered positive for expression of the
gene of interest). Calcium activity was quantified using (A) Markovian Entropy Measure (B) Hurst Exponent (C)
Average power (D) Spike frequency counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural
tube stage (Stage 18). Stars represent statistically significant differences according to both Bonferroni-corrected two-
sample Kolmogorov-Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< Id| > 0.5, **: 0.5 < |d | >0.8,
***: 1d| >.8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 9: Comparison of calcium activity between inhibitory (gad1.1-positive) neurons,
gadl.1-negative cells, excitatory (slc17a7-positive) neurons, and slc17a7-negative cells (cells with a FISH
signal intensity 300% or more than the five lowest cells on the same experimental plate were considered
positive for expression of the gene of interest). Calcium activity was quantified using (A) Markovian
Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike frequency counted at different
thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural tube stage (Stage 18). Stars represent
statistically significant differences according to both Bonferroni-corrected two-sample Kolmogorov-
Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d| > 0.5, **: 0.5 < |d| >0.8, ***:
|d| = .8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 10: Comparison of calcium activity between neural progenitors (sox2-positive),
cells that were not sox2-positive, differentiated (tubb2b-positive) neurons, and tubb2b-negative cells
(cells with a FISH signal intensity 300% or more than the five lowest cells on the same experimental
plate were considered positive for expression of the gene of interest). Calcium activity was quantified
using (A) Markovian Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike frequency
counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural tube stage (Stage 18).
Stars represent statistically significant differences according to both Bonferroni-corrected two-sample
Kolmogorov-Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d| > 0.5, **: 0.5 < |d|
>0.8, ***: |d| 2 .8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 11: Comparison of calcium activity between inhibitory (gad1.1-positive) neurons,
gadl.1-negative cells, excitatory (slc17a7)-positive neurons, and slc17a7-negative cells (cells with a FISH
signal intensity 400% or more than the five lowest cells on the same experimental plate were considered
positive for expression of the gene of interest). Calcium activity was quantified using (A) Markovian
Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike frequency counted at different
thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural tube stage (Stage 18). Stars represent
statistically significant differences according to both Bonferroni-corrected two-sample Kolmogorov-
Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d| > 0.5, **: 0.5 < |d| >0.8, ***:
|d| > .8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 12: Comparison of calcium activity between neural progenitors (sox2-positive),
cells that were not sox2-positive, differentiated (tubb2b-positive) neurons, and tubb2b-negative cells
(cells with a FISH signal intensity 400% or more than the five lowest cells on the same experimental
plate were considered positive for expression of the gene of interest). Calcium activity was quantified
using (A) Markovian Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike frequency
counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at neural tube stage (Stage 18).
Stars represent statistically significant differences according to both Bonferroni-corrected two-sample
Kolmogorov-Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d| > 0.5, **: 0.5 < |d|
>0.8, ***: |d| 2 .8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 13: Comparison of calcium activity between inhibitory (gad1.1-positive) neurons,
gadl.1-negative cells, excitatory (slc17a7)-positive neurons, and slc17a7-negative cells (cells with a FISH
signal intensity 200% or more than the five lowest cells on the same experimental plate were considered
positive for expression of the gene of interest). Calcium activity was quantified using (A) Markovian
Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike frequency counted at different
thresholds (125%, 150%, 200%, 300%, 400%, 500%) at early tail bud stage (Stage 22). Stars represent
statistically significant differences according to both Bonferroni-corrected two-sample Kolmogorov-
Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d| > 0.5, **: 0.5 < |d]| >0.8, ***:
|d| =.8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 14: Comparison of calcium activity between neural progenitors (sox2-positive),
cells that were not sox2-positive, differentiated (tubb2b-positive) neurons, and tubb2b-negative cells
(cells with a FISH signal intensity 200% or more than the five lowest cells on the same experimental
plate were considered positive for expression of the gene of interest). Calcium activity was quantified
using (A) Markovian Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike frequency
counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at early tail bud stage (Stage
22). Stars represent statistically significant differences according to both Bonferroni-corrected two-
sample Kolmogorov-Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d| > 0.5, **:
0.5<|d]| >0.8, ***: |d| = .8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 15: Comparison of calcium activity between inhibitory (gad1.1-positive) neurons,
gadl.1-negative cells, excitatory (slc17a7)-positive neurons, and slc17a7-negative cells (cells with a FISH
signal intensity 300% or more than the five lowest cells on the same experimental plate were considered
positive for expression of the gene of interest). Calcium activity was quantified using (A) Markovian
Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike frequency counted at different
thresholds (125%, 150%, 200%, 300%, 400%, 500%) at early tail bud stage (Stage 22). Stars represent
statistically significant differences according to both Bonferroni-corrected two-sample Kolmogorov-
Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d| > 0.5, **: 0.5 < |d]| >0.8, ***:
|d| =.8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 16: Comparison of calcium activity between neural progenitors (sox2-positive),
cells that were not sox2-positive, differentiated (tubb2b-positive) neurons, and tubb2b-negative cells
(cells with a FISH signal intensity 300% or more than the five lowest cells on the same experimental
plate were considered positive for expression of the gene of interest). Calcium activity was quantified
using (A) Markovian Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike frequency
counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at early tail bud stage (Stage
22). Stars represent statistically significant differences according to both Bonferroni-corrected two-
sample Kolmogorov-Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d| > 0.5, **:
0.5<|d]| >0.8, ***: |d| = .8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 17: Comparison of calcium activity between inhibitory (gad1.1-positive) neurons,
gadl.1-negative cells, excitatory (slc17a7)-positive neurons, and slc17a7-negative cells (cells with a FISH
signal intensity 400% or more than the five lowest cells on the same experimental plate were considered
positive for expression of the gene of interest). Calcium activity was quantified using (A) Markovian
Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike frequency counted at different
thresholds (125%, 150%, 200%, 300%, 400%, 500%) at early tail bud stage (Stage 22). Stars represent
statistically significant differences according to both Bonferroni-corrected two-sample Kolmogorov-
Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d| > 0.5, **: 0.5 < |d]| >0.8, ***:
|d] = .8). Markovian entropy was calculated with n=4 and k=1.
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Supplementary Figure 18: Comparison of calcium activity between neural progenitors (sox2-positive),
cells that were not sox2-positive, differentiated (tubb2b-positive) neurons, and tubb2b-negative cells
(cells with a FISH signal intensity 400% or more than the five lowest cells on the same experimental
plate were considered positive for expression of the gene of interest). Calcium activity was quantified
using (A) Markovian Entropy Measure (B) Hurst Exponent (C) Average power (D) Spike frequency
counted at different thresholds (125%, 150%, 200%, 300%, 400%, 500%) at early tail bud stage (Stage
22). Stars represent statistically significant differences according to both Bonferroni-corrected two-
sample Kolmogorov-Smirnov Test (p<0.05) and Cohen’s d statistics for effect size (*: 0.2< |d| > 0.5, **:
0.5<|d]| >0.8, ***: |d| = .8). Markovian entropy was calculated with n=4 and k=1.



