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Figure S1: Histology following in vivo CaMPARI2 photoconversion. Related to Figure 1. Fluorescence

of the green (left) and red (center) forms of CaMPARI2, as well as the merge (right), decreased as the

distance from the virus injection and cannula insertion site increased following in vivo photoconversion.
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Figure S2: Photoconversion ratio primarily reflects differences in neuronal activity. Related to Figure
2. A: Pairwise relative difference in firing rate between high and low activity neurons as measured by
red/green ratio, calculated by dividing the difference in firing rates by the sum of the firing rates for each
pair. Values greater than 0 indicate that a higher value in the high activity (or more photoconverted) neuron.
n = 22 pairs of cells from all layers from 11 animals, *** p<0.001, Wilcoxon signed-rank test. B:
Comparison of red/green ratios following in vivo photoconversion between pairs of neurons sorted based on
firing rate in active slice. n = 22 pairs of cells from all layers from 11 animals, *** p<0.001, paired t-test. C:
Pairwise relative difference in red/green ration between high and low firing rate neurons. n = 22 pairs of cells
from all layers from 11 animals, ** p<0.01, Wilcoxon signed-rank test. D: Correlation between ex vivo firing
rate and total red + green fluorescence after in vivo photoconversion. Line represents linear best fit. r =
Spearman’s rank correlation coefficient. n = 44 cells from all layers from 11 animals. E: Correlation between
red/green ratio and total red + green fluorescence after in vivo photoconversion. Line represents linear best

fit. r = Spearman’s rank correlation coefficient. n = 44 cells from all layers from 11 animals.
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Figure S3: CaMPARI2 photoconversion rate is correlated with firing rates measured ex vivo. Related to
Figure 3. A: Correlation between percentage change in red/green ratio per spike to initial green fluorescence. r =
Spearman’s rank correlation coefficient. B: Correlation between Fano factor and the percentage change in
red/green ratio over 5-minute intervals during ex vivo photoconversion ex vivo. n =5 cells from L4 from 4
animals, 6 5-minute windows per cell. r = Spearman’s rank correlation coefficient. C: Comparison of mean
number of action potentials in 5-minute windows during UV photoconversion ex vivo. p value calculated via 1-
way ANOVA. D: Comparison of red/green ratios between pairs of neurons following 10 minutes of ex vivo
photoconversion. E: Comparison of total green fluorescence before photoconversion between pairs of neurons
sorted according to firing rate during 10 minutes of ex vivo photoconversion. A-C: n =5 cells from 4 animals; D,
E: n = 6 pairs of cells from 4 animals, Wilcoxon matched pairs signed-rank test. Neurons were sampled from

layer 4, * p<0.05.



S
B —
T E
o 3 © 0
S o 2 E
Ty =
< , T g
.“mu n B0 LS £
* _.v._ M S0 N g
Q [ S e ‘B
8 * = £ 5 | g ¢
] o * i < o
= - ) ++ £
i i - T T T T T (=}
T T T T T T T T T T T T LN o Ln o Ln o
T 4 9 o % 0 e 0 ° S ®w 9o uw 9 NN s
© ©o ©o o o - - . I o c -

(s/yu) 9AIND Y4 snoaejueisul ueaw (s/wu) anInd y4| ueaw Jspun ealy

D UDIDYIP dANeD4 dSIMIled
paubije-aseqoays Japun eary

3dUIBYIP dAne|RI Asimiled

m () L I
h _—
59 2
- I P
1l &
e o
- ©
(o] w [~ m ~
= ™ ¥ e
S == oo
2 S 9 -9 E
© Lo - <
- o
-8 § 35 R
T E < N8
3 v oo« (7]
2 o= ‘@
Y - < £ 5 =3
*® M .m * [*] Sz lw -
] e 3
; s H o< + + £
T T T T T T T T T o = T T T T T T T T T o
¥ N © o ¥ 0 . s Q ° ¥ N © o ¥ = e = = .
6 © © © o . o ) o © © © © o Q 0 e 0
9JUSJ94JIp A2 Isimiied (zH) Y4 snoauejuejsul ues|y JDURIBYIP dAne. similed (vd) aseqoayy

<C () L O



Figure S4: High and low activity neurons have rheobase-independent differences in intrinsic excitability.
Related to Figure 5. A: Pairwise relative difference in the area under the F-I curve for high and low activity
neurons. Values greater than 0 indicate that a higher value in the high activity (or more photoconverted)
neuron. * p<0.05, one sample t-test. B: Pairwise relative difference in rheobase current for high and low
activity neurons. * p<0.05, one sample t-test. C: Rheobase-subtracted mean instantaneous F-I curve for neuron
pairs. D: Comparison of the area under the curves in S4C for each neuron pair. * p<0.05, paired t-test. E:
Pairwise relative difference in spike frequency adaptation for high and low activity neurons. * p<0.05, one
sample t-test. F: Pairwise relative difference in rheobase-adjusted area under F-I curve for high and low
activity neurons. * p<0.05, one sample t-test. G: Correlation between input resistance and rheobase current for
all neurons. r = Spearman’s rank correlation coefficient. H: Correlation between input resistance and area
under rheobase-adjusted firing rate curve for all neurons. r = Spearman’s rank correlation coefficient. A

through H: n = 15 pairs of cells from L4 from 7 animals.
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Figure S5: High and low activity neurons do not differ in the frequency of excitatory or inhibitory
synaptic inputs. Related to Figure 7. A: Pairwise relative difference in excitatory charge, inhibitory charge,
and ratio of excitatory to inhibitory charge for high and low activity neurons. Values greater than 0 indicate
that a higher value in the high activity (or more photoconverted) neuron. No significant differences, one-
sample t-test. B: Frequency of excitatory (left) or inhibitory (right) synaptic currents measured in pairs of
neurons at their experimentally determined inhibitory (left) or excitatory (right) reversal potential. No
significant differences, paired t-test. C: Pairwise relative difference in excitatory charge, inhibitory charge,
and ratio of excitatory to inhibitory charge for high and low activity neurons. No significant differences, one-
sample t-test. D: Ratio of frequency of excitatory to inhibitory currents for pairs of photoconverted neurons.
No significant differences, paired t-test. E: Distribution of inter-event intervals of well-isolated excitatory
synaptic events. Traces are truncated at 300 ms for clarity. 200 randomly selected events were analyzed from
each cell for each condition. No significant differences, Kolmogorov-Smirnov test. F: Distribution of inter-
event intervals of well-isolated inhibitory synaptic events. Traces are truncated at 300 ms for clarity. 200
randomly selected events were analyzed from each cell for each condition. No significant differences,

Kolmogorov-Smirnov test. A through F: n = 17 pairs of cells from L4 from 11 animals.
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Figure S6: Additional measurements from pairs of neurons. Related to Figure 8. A: Correlation
between the exponential decay coefficient of the amplitudes of five current pulses and the activity of the
postsynaptic neuron. B: Correlation between the exponential decay coefficient of the amplitudes of five
current pulses and the activity of the postsynaptic neuron. r = Spearman’s rank correlation coefficient. n =
28 pairs of connected neurons from L4 from 13 animals out of 224 pairs tested from 16 animals. Each

point is the average of 20 traces. r = Spearman’s rank correlation coefficient.
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p values calculated via paired t-test except #, which were calculated via Wilcoxon Signed Rank Sum test

Table S1: Additional electrophysiological properties of high and low activity neurons.
Related to Figure 5. Values labeled “rheobase” are calculated for the first spike at rheobase,
values labeled 5 spikes” are calculated for the first spike for the smallest current step to
produce at least 5 action potentials. Passive properties are measured in voltage clamp with a -
S5mV voltage step.



