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Table S1: Control neuron firing behaviour in each model. The first column shows the name of the model, and
the second to fifth columns show the threshold amplitudes for inducing an action potential as a response to the stimuli of
conditions I – III. In condition III, the proportion of amplitudes A3a and A3b was kept fixed as A3a/A3b = A1/A2 in order to
restrict to a single threshold value. The sixth column shows the number of action potentials as a response to a short (5 ms)
somatic square pulse of amplitude 1.15A1. The seventh and eighth column show the membrane potential at the distal (at a
distance of 800 µm from soma) apical dendrite at rest and shortly (4 ms) after the first spike induced by this stimulus. The
considered interval, 4 ms, was approximately half of the inter-spike interval in bursts of the Almog models and altered Hay
models. In Hay- and Almog-model neurons, the difference between membrane potentials at rest and 4 ms after a spike was
small. By contrast, in the altered Hay-model neurons, the membrane potential quickly rose to a value near the Na+ reversal
potential after a spike, initiating a dendritic action potential which then propagates to soma and induced further spiking.

A1 A2 A3a A3b No. spikes Apical Vm Apical Vm 4 ms
(nA) (µS) (nA) (µS) (cond. I) at rest after spike

Hay 1.32 0.0346 0.829 0.0218 1 -70.1 -62.6
Hay-A1 1.32 0.0182 1.07 0.0148 2 -70.1 15.0
Hay-A2 1.32 0.0150 1.09 0.0124 2 -70.1 28.1
Hay-A3 1.32 0.0150 1.09 0.0124 3 -70.1 28.1
Hay-A4 1.32 0.0150 1.09 0.0124 3 -70.1 28.1
Hay-A5 1.32 0.0150 1.09 0.0124 3 -70.1 28.1
Hay-A6 1.32 0.0150 1.09 0.0124 3 -70.1 28.1
Almog 0.462 0.0179 0.389 0.0151 1 -58.3 -44.7

Almog-A1 0.462 0.0179 0.389 0.0151 1 -58.3 -44.7
Almog-A2 0.462 0.0179 0.390 0.0151 1 -58.3 -44.7
Almog-A3 0.462 0.0179 0.390 0.0151 1 -58.3 -44.7
Almog-A4 0.462 0.0179 0.390 0.0151 1 -58.3 -44.7
Almog-A5 0.462 0.0174 0.390 0.0151 1 -58.2 -40.7
Almog-A6 0.462 0.0168 0.389 0.0151 1 -58.2 -32.5
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Figure S1: The effects of the model variants are relatively linear with respect to the scaling coefficient. The
y-axis shows the f-I curve averages (spikes/s) with respect to the scaling coefficient in the Hay (A) or Almog (B) model.
The x-axis shows the scaling coefficients in a range (−c, c), where c is the threshold scaling parameter corresponding to the
variant of Figure 2. 101 (A) or 51 (B) data points were considered (light gray dots), and the Pearson correlation coefficient
of these data are displayed above the data, values close to ±1 indicating a linear behaviour. The purple, dark gray, blue,
cyan, and green data points correspond to the ε = 1

2 , 1
4 , 0 (control), - 14 , and - 12 variants and their f-I curve averages (see

Figure 2E), respectively.
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Table S2: Table of the scaling coefficient parameters in unaltered and altered Hay and Almog models. An
expansion of Table A2, including altered models. The table entries are ordered as in Table A2. In most cases (1304/1463
table entries, i.e., 89%) a degree of scaling was performed (scaling coefficient < 2.0), while in 11% of the cases none of the
scaling conditions were violated by the unscaled variant (this happened for at least one of the 14 models in 24 out of 109
model variants).

Gene Hay Hay-A1 Hay-A2 Hay-A3 Hay-A4 Hay-A5 Hay-A6 Almog Almog-A1 Almog-A2 Almog-A3 Almog-A4 Almog-A5 Almog-A6
CACNA1C [1] 0.066 0.054 0.057 0.052 0.061 0.051 0.052 0.095 0.086 0.027 0.123 0.019 0.085 0.073

CACNA1C [1] 0.042 0.033 0.037 0.033 0.039 0.033 0.030 0.059 0.063 0.025 0.088 0.016 0.060 0.050

CACNA1C [2] 0.043 0.034 0.037 0.033 0.038 0.033 0.031 0.070 0.062 0.031 0.100 0.015 0.071 0.040
0.101 0.097 0.066 0.110 0.109 0.135 0.123 0.222 0.193 0.354 0.101 0.560 0.508 0.078
0.049 0.039 0.045 0.041 0.048 0.039 0.038 0.074 0.068 0.022 0.098 0.015 0.068 0.063
0.076 0.070 0.043 0.073 0.072 0.090 0.119 0.268 0.209 0.450 0.125 0.759 0.745 0.116
0.031 0.025 0.027 0.024 0.028 0.025 0.027 0.065 0.070 0.023 0.099 0.013 0.070 0.063
0.208 1.024 0.885 0.855 0.692 0.558 0.281 0.263 0.168 0.328 0.133 0.543 0.475 0.085
0.034 0.026 0.032 0.028 0.032 0.028 0.025 0.067 0.062 0.031 0.098 0.015 0.067 0.044
0.290 0.497 0.201 0.325 0.307 0.496 0.392 0.269 0.250 0.486 0.157 0.813 0.865 0.115
0.058 0.048 0.049 0.045 0.052 0.046 0.041 0.070 0.063 0.032 0.101 0.014 0.070 0.039
0.059 0.057 0.036 0.060 0.059 0.076 0.071 0.262 0.196 0.344 0.100 0.547 0.500 0.098
0.071 0.060 0.066 0.060 0.071 0.059 0.067 0.078 0.065 0.031 0.100 0.014 0.067 0.035
0.049 0.046 0.028 0.052 0.047 0.059 0.055 0.258 0.218 0.455 0.164 0.726 0.719 0.123
0.038 0.031 0.033 0.030 0.034 0.031 0.026 0.077 0.058 0.032 0.101 0.015 0.068 0.059
0.176 0.175 0.113 0.180 0.158 0.234 0.216 0.259 0.211 0.343 0.114 0.597 0.523 0.086
0.038 0.035 0.040 0.035 0.041 0.037 0.031 0.067 0.068 0.023 0.098 0.014 0.066 0.035
0.113 0.105 0.060 0.099 0.090 0.129 0.129 0.304 0.229 0.526 0.142 0.823 0.945 0.124

CACNA1C [3] 0.028 0.023 0.024 0.022 0.024 0.022 0.018 0.050 0.053 0.021 0.084 0.013 0.058 0.052
0.123 0.129 0.103 0.156 0.143 0.205 0.109 0.143 0.100 0.188 0.065 0.293 0.282 0.046
0.035 0.027 0.033 0.029 0.034 0.030 0.027 0.064 0.056 0.026 0.081 0.012 0.055 0.029
0.063 0.059 0.035 0.063 0.057 0.076 0.073 0.165 0.134 0.250 0.068 0.407 0.340 0.057

CACNA1C [4] 0.052 0.043 0.039 0.041 0.047 0.041 0.036 0.054 0.072 0.036 0.117 0.017 0.079 0.061
0.077 0.074 0.047 0.080 0.081 0.100 0.134 0.220 0.159 0.269 0.089 0.473 0.382 0.072
0.057 0.047 0.051 0.046 0.053 0.045 0.047 0.078 0.073 0.036 0.112 0.017 0.078 0.039
0.069 0.065 0.040 0.069 0.069 0.085 0.080 0.251 0.188 0.292 0.118 0.517 0.462 0.073
0.042 0.031 0.037 0.033 0.038 0.034 0.030 0.079 0.078 0.036 0.113 0.017 0.079 0.072
0.145 0.140 0.090 0.148 0.138 0.195 0.181 0.252 0.140 0.277 0.125 0.469 0.422 0.079
0.044 0.035 0.040 0.036 0.041 0.037 0.033 0.062 0.072 0.036 0.113 0.018 0.077 0.073
0.119 0.112 0.068 0.113 0.104 0.149 0.148 0.183 0.175 0.305 0.108 0.508 0.422 0.078

CACNA1C [5] 0.157 0.130 0.139 0.127 0.146 0.127 0.127 0.188 0.175 0.088 0.270 0.042 0.191 0.109
0.236 0.230 0.143 0.235 0.219 0.293 0.279 1.625 1.416 2.000 0.824 2.000 2.000 0.747

CACNA1D [6], [7] 0.083 0.069 0.069 0.062 0.071 0.064 0.057 0.183 0.195 0.096 0.300 0.045 0.211 0.133
0.075 0.062 0.063 0.056 0.065 0.058 0.063 0.187 0.179 0.084 0.295 0.047 0.203 0.220

CACNA1D [6], [7] 0.080 0.067 0.068 0.061 0.071 0.063 0.056 0.221 0.195 0.101 0.318 0.049 0.225 0.139
0.424 1.057 0.618 0.540 0.640 0.525 0.498 0.502 0.344 0.636 0.205 1.004 0.839 0.157
0.094 0.073 0.088 0.077 0.090 0.075 0.086 0.215 0.198 0.092 0.306 0.047 0.209 0.117
0.663 0.769 0.500 0.749 0.600 0.980 0.581 0.506 0.500 0.702 0.247 1.139 1.072 0.205
0.072 0.061 0.062 0.056 0.064 0.057 0.059 0.213 0.198 0.085 0.314 0.047 0.221 0.259
0.274 0.355 0.324 0.280 0.324 0.268 0.312 0.500 0.376 0.602 0.207 0.968 0.859 0.156
0.083 0.069 0.078 0.068 0.080 0.069 0.073 0.212 0.213 0.095 0.306 0.039 0.210 0.111
0.341 1.910 1.188 1.411 1.468 1.334 0.678 0.625 0.391 0.715 0.282 1.094 1.051 0.194

CACNA1D [8], [9] 0.190 0.191 0.138 0.224 0.198 0.284 0.201 0.283 0.198 0.353 0.102 0.570 0.522 0.092
0.123 0.115 0.069 0.119 0.111 0.151 0.147 0.242 0.250 0.402 0.157 0.686 0.610 0.106
0.209 0.210 0.153 0.263 0.224 0.314 0.223 0.244 0.219 0.377 0.112 0.606 0.563 0.103
0.130 0.122 0.073 0.121 0.118 0.159 0.153 0.246 0.202 0.516 0.157 0.719 0.663 0.117

CACNA1D [10] 0.181 0.146 0.139 0.131 0.153 0.133 0.111 0.225 0.211 0.062 0.327 0.055 0.235 0.250

CACNA1D [11] 0.045 0.036 0.038 0.033 0.040 0.035 0.032 0.083 0.082 0.040 0.127 0.020 0.088 0.055
0.318 0.334 0.294 0.485 0.453 0.585 0.266 0.259 0.219 0.344 0.115 0.532 0.501 0.105
0.053 0.041 0.048 0.040 0.050 0.043 0.047 0.088 0.080 0.040 0.125 0.020 0.086 0.068
0.152 0.137 0.082 0.149 0.137 0.181 0.163 0.263 0.266 0.397 0.141 0.610 0.562 0.135
0.059 0.046 0.049 0.043 0.052 0.046 0.038 0.095 0.081 0.030 0.127 0.018 0.089 0.053
0.105 0.105 0.069 0.123 0.113 0.148 0.143 0.282 0.201 0.379 0.121 0.538 0.509 0.093
0.074 0.058 0.067 0.058 0.072 0.062 0.059 0.096 0.080 0.041 0.121 0.020 0.084 0.046
0.076 0.072 0.042 0.070 0.074 0.091 0.086 0.313 0.249 0.438 0.165 0.621 0.600 0.149

CACNA1D [12] 0.065 0.054 0.056 0.050 0.057 0.052 0.052 0.126 0.109 0.053 0.181 0.027 0.127 0.125
0.063 0.051 0.055 0.049 0.057 0.051 0.043 0.116 0.113 0.053 0.176 0.028 0.124 0.089

CACNB2 [13] 0.371 0.374 0.393 0.323 0.401 0.306 0.333 2.000 1.871 2.000 1.766 2.000 2.000 1.402

CACNB2 [14] 2.000 2.000 2.000 2.000 2.000 2.000 1.589 2.000 2.000 2.000 2.000 2.000 2.000 2.000

CACNB2 [15] 0.194 0.176 0.263 0.214 0.291 0.207 0.221 0.537 0.512 0.235 0.805 0.114 0.550 0.337
0.278 0.231 0.127 0.203 0.185 0.244 0.264 0.364 0.236 0.474 0.151 0.802 0.679 0.129
0.131 0.117 0.164 0.141 0.172 0.126 0.139 0.569 0.520 0.230 0.776 0.107 0.534 0.404
1.153 0.902 0.239 0.389 0.343 0.540 0.308 0.409 0.283 0.476 0.176 0.817 0.656 0.119
1.201 0.741 0.500 0.483 0.584 0.558 0.618 0.449 0.408 0.207 0.633 0.090 0.439 0.367
0.105 0.105 0.074 0.125 0.109 0.161 0.156 0.384 0.232 0.544 0.197 0.780 0.750 0.156
0.373 0.251 0.226 0.224 0.227 0.232 0.219 0.453 0.438 0.204 0.635 0.095 0.435 0.234
0.144 0.145 0.104 0.185 0.159 0.234 0.257 0.381 0.302 0.477 0.168 0.805 0.723 0.156
0.189 0.157 0.224 0.182 0.248 0.191 0.207 0.464 0.432 0.184 0.703 0.091 0.476 0.252
0.342 0.276 0.158 0.236 0.212 0.282 0.273 0.312 0.376 0.509 0.176 0.832 0.703 0.141
0.122 0.109 0.151 0.123 0.157 0.122 0.125 0.516 0.469 0.154 0.698 0.102 0.473 0.224
2.000 2.000 0.386 0.492 0.493 0.693 0.376 0.418 0.249 0.567 0.174 0.812 0.728 0.132
0.848 0.531 0.396 0.365 0.454 0.414 0.373 0.422 0.406 0.125 0.570 0.091 0.394 0.260
0.113 0.112 0.078 0.129 0.125 0.175 0.169 0.412 0.319 0.517 0.174 0.808 0.743 0.148
0.320 0.216 0.205 0.185 0.206 0.202 0.164 0.396 0.351 0.186 0.571 0.088 0.395 0.249
0.157 0.160 0.116 0.192 0.171 0.268 0.288 0.363 0.321 0.598 0.200 0.857 0.756 0.167

CACNB2 [16] 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000

CACNA1I [17] 1.925 2.000 2.000 2.000 2.000 2.000 2.000 1.875 1.992 0.865 2.000 0.386 1.874 1.500
2.000 2.000 2.000 2.000 2.000 2.000 2.000 0.693 0.625 1.310 0.353 1.997 1.379 0.292

CACNA1I [18] 1.040 2.000 2.000 2.000 2.000 2.000 0.641 0.633 0.655 0.282 2.000 0.128 0.556 0.469
0.846 2.000 2.000 2.000 2.000 2.000 2.000 0.345 0.359 0.125 0.598 0.086 0.381 0.345

ATP2A2 [19] 0.179 0.199 0.117 0.188 0.158 0.217 0.211 0.189 0.167 0.250 0.115 0.550 0.577 0.141

ATP2B2 [20] 0.149 0.153 0.176 0.131 0.159 0.144 0.120 0.305 0.361 0.143 0.569 0.117 0.438 0.453

ATP2B2 [21] 0.137 0.138 0.181 0.147 0.150 0.151 0.119 0.484 0.565 0.282 0.948 0.211 0.719 0.625

ATP2B2 [22] 0.067 0.069 0.080 0.065 0.073 0.065 0.054 0.136 0.161 0.074 0.255 0.048 0.179 0.162

ATP2B2 [23] 0.664 1.121 1.418 1.411 1.357 1.194 0.930 2.000 2.000 2.000 2.000 2.000 2.000 2.000

SCN1A [24] 0.036 0.132 0.136 0.217 0.154 0.228 0.156 0.005 0.007 0.011 0.008 0.012 0.011 0.007

SCN1A [25] 0.118 0.330 0.779 0.762 0.591 0.535 0.361 0.015 0.028 0.038 0.028 0.055 0.036 0.030

SCN1A [26] 0.133 0.264 0.077 0.074 0.074 0.068 0.067 0.223 0.203 0.312 0.184 0.315 0.234 0.237

SCN1A [26] 0.023 0.081 0.125 0.125 0.125 0.125 0.111 0.004 0.004 0.007 0.006 0.007 0.007 0.004

SCN1A [27] 0.049 0.081 0.184 0.184 0.184 0.184 0.184 0.005 0.005 0.004 0.006 0.007 0.012 0.006

SCN1A [28] 0.023 0.044 0.106 0.106 0.106 0.106 0.086 0.003 0.002 0.002 0.003 0.003 0.005 0.003

HCN1 [29] 0.079 0.185 0.185 0.185 0.185 0.179 0.180 0.008 0.008 0.007 0.010 0.009 0.017 0.011

HCN1 [30] 0.067 0.164 0.164 0.164 0.164 0.164 0.164 0.007 0.008 0.007 0.008 0.010 0.017 0.011
0.177 0.434 0.434 0.434 0.434 0.412 0.416 0.092 0.091 0.149 0.115 0.140 0.136 0.104

KCNB1 [31] 2.000 2.000 2.000 2.000 2.000 2.000 2.000 0.171 0.156 0.125 0.172 0.227 0.354 0.225

KCNB1 [31] 2.000 2.000 2.000 2.000 2.000 2.000 2.000 0.049 0.053 0.049 0.060 0.062 0.117 0.070

KCNB1 [31] 2.000 2.000 2.000 2.000 2.000 2.000 2.000 0.047 0.043 0.043 0.047 0.050 0.093 0.062

KCNB1 [31] 2.000 2.000 2.000 2.000 2.000 2.000 2.000 0.024 0.025 0.022 0.030 0.028 0.053 0.027

KCNB1 [31] 2.000 2.000 2.000 2.000 2.000 2.000 2.000 0.021 0.020 0.020 0.021 0.024 0.037 0.022

KCNB1 [31] 2.000 2.000 2.000 2.000 2.000 2.000 2.000 0.026 0.020 0.020 0.031 0.023 0.045 0.027

KCNMA1 [32] N/A N/A N/A N/A N/A N/A N/A 1.795 1.847 1.650 2.000 1.728 2.000 2.000
N/A N/A N/A N/A N/A N/A N/A 2.000 2.000 2.000 2.000 2.000 2.000 2.000
N/A N/A N/A N/A N/A N/A N/A 1.841 1.898 1.683 2.000 1.750 2.000 2.000
N/A N/A N/A N/A N/A N/A N/A 2.000 2.000 2.000 2.000 2.000 2.000 2.000

KCNMA1 [33] N/A N/A N/A N/A N/A N/A N/A 2.000 2.000 2.000 2.000 2.000 2.000 2.000

KCNMA1 [34] N/A N/A N/A N/A N/A N/A N/A 2.000 2.000 2.000 2.000 2.000 2.000 2.000

KCNMA1 [35] N/A N/A N/A N/A N/A N/A N/A 2.000 2.000 2.000 2.000 2.000 2.000 2.000
N/A N/A N/A N/A N/A N/A N/A 2.000 2.000 2.000 2.000 2.000 2.000 2.000

KCNMA1 [36] N/A N/A N/A N/A N/A N/A N/A 0.430 0.441 0.406 0.481 0.410 0.501 0.538
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Table S3: Correlations between the integrals of f-I curves predicted by different models (data of Figure S3)
across variants. Mean ± STD of all correlations (excluding self-correlations): 0.81 ± 015. Mean ± STD of the correlations
between Hay and Almog models: 0.69 ± 0.08.

Hay Hay-A1 Hay-A2 Hay-A3 Hay-A4 Hay-A5 Hay-A6 Almog Almog-A1 Almog-A2 Almog-A3 Almog-A4 Almog-A5 Almog-A6

Hay 1.00 0.97 0.97 0.97 0.96 0.96 0.94 0.85 0.80 0.70 0.78 0.74 0.57 0.76
Hay-A1 1.00 0.97 0.98 0.97 0.98 0.96 0.76 0.72 0.62 0.70 0.67 0.53 0.69
Hay-A2 1.00 0.99 0.99 0.98 0.95 0.79 0.75 0.66 0.73 0.69 0.53 0.71
Hay-A3 1.00 0.99 0.99 0.96 0.80 0.77 0.67 0.74 0.71 0.57 0.73
Hay-A4 1.00 0.99 0.96 0.76 0.74 0.65 0.70 0.68 0.52 0.70
Hay-A5 1.00 0.97 0.76 0.73 0.63 0.70 0.67 0.53 0.70
Hay-A6 1.00 0.72 0.68 0.57 0.64 0.61 0.49 0.65
Almog 1.00 0.97 0.91 0.96 0.91 0.82 0.95

Almog-A1 1.00 0.94 0.98 0.95 0.88 0.98
Almog-A2 1.00 0.94 0.95 0.92 0.94
Almog-A3 1.00 0.96 0.89 0.98
Almog-A4 1.00 0.91 0.95
Almog-A5 1.00 0.92
Almog-A6 1.00

Table S4: Stimulus amplitudes used for Hay (left) and Almog (right) models. The first two columns show the
amplitude of the somatic 5-ms square-pulse stimulus during the up and down states, respectively. The third column shows
the amplitude of the proximal apical 600-ms square-pulse stimulus used for imitating the up state. The fourth column shows
the maximal amplitude of the EPSP-like stimulus, injected at the apical dendrite, 600 or 850 µm from the soma.

Asoma up Asoma down A200µm AEPSP 600µm

(nA) (nA) (nA) (nA)
Hay 0.528 1.782 0.373 0.680

Hay-A1 0.528 1.782 0.368 0.574
Hay-A2 0.528 1.782 0.364 0.531
Hay-A3 0.528 1.782 0.364 0.531
Hay-A4 0.528 1.782 0.364 0.531
Hay-A5 0.528 1.782 0.364 0.531
Hay-A6 0.528 1.782 0.364 0.531

Asoma up Asoma down A400µm AEPSP 850µm

(nA) (nA) (nA) (nA)
Almog 0.185 0.624 0.769 0.600

Almog-A1 0.185 0.624 0.769 0.599
Almog-A2 0.185 0.624 0.769 0.600
Almog-A3 0.185 0.624 0.769 0.601
Almog-A4 0.185 0.624 0.769 0.601
Almog-A5 0.185 0.624 0.768 0.518
Almog-A6 0.185 0.624 0.767 0.432

Table S5: A: Threshold conductances with which 1000 excitatory conductance-based alpha synapses (τ = 5 ms, Erev = 0
mV) induced a spike in the control Almog model. The synapses were uniformly distributed across compartments in one of
seven regions (1: 0-200 µm, 2: 200-400 µm, 3: 400-600 µm, 4: 600-800 µm, 5: 800-1000 µm, 6: > 1000 µm from the soma
along the apical dendrite, or 7: in the basal dendrites). B: Correlations between the input and output patterns in the control
Almog model neuron. The [Ca2+] in the most proximal apical region and in the basal dendrites never exceeded the threshold
of medium, and thus correlations with input patterns were indefinite. See Table 2 for corresponding Hay-model data.

A Region Threshold
1: 0–200 µm 9.01e-06

2: 200–400 µm 1.26e-05
3: 400–600 µm 2.22e-05
4: 600–800 µm 4.93e-05
5: 800–1000 µm 0.000192
6: > 1000 µm 0.000767

7: basal 1.02e-05

Input location Nspikes Ca1 Ca2 Ca3 Ca4 Ca5 Ca6 Ca7
apic1 0.20 – -0.09 -0.03 0.04 0.03 0.04 –
apic2 0.28 – -0.09 0.05 0.04 0.04 0.04 –
apic3 0.38 – 0.09 0.26 0.06 0.04 0.05 –
apic4 0.20 – -0.09 0.23 0.06 0.04 0.04 –
apic5 0.36 – -0.09 0.31 0.54 0.55 0.52 –
apic6 0.34 – 0.09 0.34 0.59 0.60 0.63 –
basal 0.18 – -0.09 -0.05 0.04 0.03 0.04 –
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Figure S2: Effects of the variants on steady-state firing behavior are qualitatively similar across the models.
The f-I curves according to unaltered and altered Hay (A) and Almog (B) models are plotted for each of the variants of
Figure 2. The color coding is the same as in Figure 2. The insets show the averages of the f-I curves of unaltered and altered
Hay (A) and Almog (B) models across the somatic current amplitudes (0.3–1.4 nA in (A) and 0.65–0.9 nA in (B)).
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Figure S3: A: Steady-state firing behavior of all variants according to the Hay model and the altered Hay
models. The y-axis data show the mean firing rates of Figure 2E for all variants of the Hay models, while the x-axis shows
the different variants. Data outside the visible field reserved for the alternative Hay models (separated by discontinuities in
the y-axis) are represented by arrows of the corresponding color (color coding as in Figure 2). The variants are ordered as in
Table A2, and the variants used in Figure 2 are marked with stars (?). The variants chosen for the combination of variants in
Figure 7 (representing the maximal increase in Hay-model f-I curve among the variants of the underlying gene) are marked
with ’×’. B: Steady-state firing behavior of all variants according to the Almog model and the altered Almog
models. The y-axis data show the mean firing rates of Figure 2F for all variants of the Almog models, see panel (A). C:
Illustration of the correlation coefficient of the f-I curve integrals between Hay and Almog model (left), Hay and Hay-A6

model (middle), and Almog and Almog-A6 model (right). Units in spikes/s.
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Figure S4: Models of variant neurons with noisy inputs produce qualitatively similar predictions of altered gain
as noiseless models, while variations of synaptic conductances alter the L5PC excitability without affecting
the gain. A: Membrane potential time series of the control Hay-model neuron and an example CACNA1C variant (ε = 1

2 )
in the presence of noise (spontaneous glutamatergic and GABAergic synaptic activation) and a 1.2 nA somatic DC (onset
at 0 ms). B: Solid curves represent the mean noisy f-I data for the variants of Figure 2C (only ε = 1

2 scaling), surrounded by
thin dashed curves that represent the STD of these data. Thick dashed curves represent the noiseless cases for comparison
(from Figure 2C). C: Steady-state firing behavior of all variants according to the Hay model with noisy inputs. The shaded
blue area shows the mean±SD for the control neuron, and the purple ticks show the mean±SD for the ε = 1

2 variants (ordered
as in Table A2 and Figure S3). Variants of panel B are marked with stars. D: Variation of NMDA and GABA conductances,
following the NMDA and GABA-hypofunction theories of SCZ, causes a steady increase or decrease of the f-I curve across
the input current amplitudes. Blue curves show the control Hay model data from (B). Black curves show firing-rate data
from cases where the NMDA-receptor (second panel from left), GABA-receptor (middle panel) conductance or both (second
two panels from right) are decreased. Solid curves represent the mean noisy f-I data, surrounded by thin dashed curves that
represent the STD of these data. 7
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Figure S5: Variants affect the sensitivity to coincidence of somatic and apical stimuli during up and down
states. The y-axes show the integrals of the up- (above zero, strong colors) and down-state (below zero, dim colors) temporal
windows of Figure 3D–E across the tested ISIs (-30 to 70 ms) for the variants of Figure 2. Blue: control neuron, other colors:
different scalings of the variants of Figure 2. See Figure 3F–G for details. The panels with thick borders represent the data
from the variants shown in Figure 3A–B.
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Figure S6: Variants affect the L5PC adaptation by a prepulse. The maximal threshold conductance factor from the
adaptation curves of Figure 5C–D, excluding the first 40 ms. A: Adaptation data from the Hay-model and Hay-A1-model
neurons (see Figure 5E). B: Adaptation data from the unaltered and altered Almog models (see Figure 5F). Colors as in
Figure 2. The first column of panels are the same as in Figure 5E–F, re-illustrated here for consistency.
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Figure S7: K+ currents in the apical dendrite and in the soma following a suprathreshold activation of 3000
synapses distributed along the apical dendrite as predicted by different L5PC models. A,C,E,G,I: Currents
recorded in the apical dendrite, 620 µm from the soma. B,D,F,H,J: Currents recorded in the soma. The models used were
the Hay model (A–B), the Almog model (C–D), the Almog-A2 model (E–F), the Almog-A4 model (G–H), and the Almog-A6

model (I–J). Only data from control L5PCs are shown here (no genetic variants were introduced).
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Figure S8: Variants affect the coding of information in Almog-model L5PCs. The experiment of Figure 6 was
repeated using the Almog model. A: The maximal conductance of each synaptic input (when activated) was half of threshold
value in the underlying dendritic region for inducing a spike (Table S5A). The eight panels show the numbers of spikes induced
(top) and the Ca2+ response in the apical regions 1–6 (six panels below) and in the basal dendritic region (bottom panel) for
each of the 128 input combinations. As the range of Ca2+ was different in the Almog model than in the Hay model, different
thresholds for low ([Ca2+] < 0.08 mM), medium ([Ca2+] < 0.18 mM) and high ([Ca2+] ≥ 0.18 mM) Ca2+ levels were chosen
for the Almog model. Upper rows of these panels show the control L5PC data, and the lower rows show the data from the
CACNA1C variant of Figure 2. B: Compiled spike-number data from all ε = 1

2 variants of Table A2. The Almog-model
L5PC is activated as in panel (A). C: Output diversities of the variants of Figure 2 according to the Almog model.

11



References

[1] Michaela Kudrnac, Stanislav Beyl, Annette Hohaus, Anna Stary, Thomas Peterbauer, Eugen Timin, and Steffen Hering.
Coupled and independent contributions of residues in IS6 and IIS6 to activation gating of CaV1.2. J Biol Chem,
284(18):12276–12284, 2009.

[2] Katrin Depil, Stanislav Beyl, Anna Stary-Weinzinger, Annette Hohaus, Eugen Timin, and Steffen Hering. Timothy
mutation disrupts the link between activation and inactivation in cav1. 2 protein. J Biol Chem, 286(36):31557–31564,
2011.

[3] Annette Hohaus, Stanislav Beyl, Michaela Kudrnac, Stanislav Berjukow, Eugen N Timin, Rainer Marksteiner, Marion A
Maw, and Steffen Hering. Structural determinants of l-type channel activation in segment iis6 revealed by a retinal
disorder. J Biol Chem, 280(46):38471–38477, 2005.

[4] Anna Stary, Michaela Kudrnac, Stanislav Beyl, Annette Hohaus, Eugen Timin, Peter Wolschann, H Robert Guy, and
Steffen Hering. Molecular dynamics and mutational analysis of a channelopathy mutation in the iis6 helix of cav1. 2.
Channels, 2(3):216–223, 2008.

[5] Zhen Zhi Tang, Mui Cheng Liang, Songqing Lu, Dejie Yu, Chye Yun Yu, David T Yue, and Tuck Wah Soong. Transcript
scanning reveals novel and extensive splice variations in human l-type voltage-gated calcium channel, cav1. 2 α1 subunit.
J Biol Chem, 279(43):44335–44343, 2004.

[6] Bao Zhen Tan, Fengli Jiang, Ming Yeong Tan, Dejie Yu, Hua Huang, Yiru Shen, and Tuck Wah Soong. Functional
characterization of alternative splicing in the c terminus of l-type cav1. 3 channels. J Biol Chem, 286(49):42725–42735,
2011.

[7] Gabriella Bock, Mathias Gebhart, Anja Scharinger, Wanchana Jangsangthong, Perrine Busquet, Chiara Poggiani, Si-
mone Sartori, Matteo E Mangoni, Martina J Sinnegger-Brauns, Stefan Herzig, et al. Functional properties of a newly
identified c-terminal splice variant of cav1. 3 l-type ca2+ channels. J Biol Chem, 286(49):42736–42748, 2011.

[8] Q. Zhang, V. Timofeyev, H. Qiu, L. Lu, N. Li, A. Singapuri, C. L. Torado, H. S. Shin, and N. Chiamvimonvat.
Expression and roles of Cav1.3 (α1D) L-type Ca2+ channel in atrioventricular node automaticity. J Mol Cell Cardiol,
50(1):194–202, 2011.
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