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Introduction
Neural activity varies widely depending on the subject’s 
neuromodulatory state, ranging from slow delta 
oscillations during sleep, to gamma oscillations during
intense focus. For people suffering from schizophrenia 
the delta oscillations have shown to be altered in signal 
power [Hunt et al. 2017]. Our goal is to create a network 
model capable of generating delta oscillations, where it is 
possible to incorporate data from new genome-wide 
association studies that have identified hundreds of 
variants associated with SCZ [Trubetskoy et al. 2022]. By 
employing biophysically detailed neuron models we 
ensured that most of the ion-channel encoding genes 
implicated by GWASes will be included in our model, and 
we could study the effects of the variants of these genes 
in combination and one by one.
In this polygenic approach we have access to data from 
the CommonMind project, consisting of post-mortem 
gene expression data from hundreds of human subjects 
covering both SCZ patients and healthy controls. The 
ion-channel encoding genes found in this data and used 
to create this schizophrenia-specific network model were: 
CACNA1C, CACNA1D, CACNA1I, HCN1, KCNB1 and 
KCNQ3.

Methods
The model consists of three populations,

●120 L5 Thick Tufted pyramidal neurons (TTC)
●30 L5 Large Basket Cell interneurons (LBC)
●30 L5 NeuroGliaform Cells (NGC)

Interconnected in accordance with values from 
physiological studies [Markram et al. 2015]

                  Model connectivity

Both interneuron models have been taken from the 
Blue Brain database, and reduced to 3-compartment 
models that still show similar electrophysiological 
behavior. The TTC population uses a simplified 
version of the Hay model, seen in previous studies. 
[Mäki-Marttunen et al. 2019].

                  Simplified models

When exploring the effects of the SCZ genes the 
conductances of the ion-channels were multiplied by the 
factors seen in Table 1.

The model parameters were adjusted via a grid 
search over population connectivity conductances, 
where we use the following metric to define a good 
model:

● TTC firing rates close to 3Hz
● LBC firing rates above 1Hz
● NGC firing rates above 1HZ
● While blocking GABAA: delta activity equal or 
higher than control, ideally near 109% of control

● While blocking GABAB; delta activity as close to 
17% of control as possible

The best model showed these values: 
● GABAA block: 132%
● GABAB block: 25%

Results
We used the post-mortem expression data of ion-
channel encoding genes associated with SCZ, both 
for the anterior cingular cortex (ACC) and the 
prefrontal cortex (PFC), see Table 1. Our model 
predicted decreased delta power for both regions, to 
approximitely 91% of control, with p-value 1.18e-5 
and 1.48e-3 respectively (t-test, N=30 repetitions with 
different random seeds).

A population-wise application of the altered ion-
channel conductances showed it was when the 
variations affected the TTC population the delta power 
significantly decreased, and that the other two 
populations seemed to have negligible contributions. 
(t-test, N=50 repetitions with different random seeds,
TTC: ACC 91.6% of control PFC:90.9% of control, p-
values 2.17e-4 and 1.12e-4
LBC: ACC: 103% of control PFC 101.6% of control, p-
values: 0.19 and 0.47
NGC: ACC: 100% of control PFC:97% of control, p-
values 0.95 and 0.16)

A subject-wise approach showed similar decrease in 
delta power, as seen below. (Wilcoxon rank-sum 
statistics for, N=3 repetitions with different random 
seeds. P-values: ACC: 1.18e-5  PFC:1.14e-3)

Gene Channel affected ACC PFC

CACNA1C HVA Ca2+ 1.17 1.14

CACNA1D HVA Ca2+ 1.16 1.14

CACNA1I LVA Ca2+ 1.17 1.14

HCN1 HCN K+ 1.03 1.12

KCNB1 Persistent K+ 1.12 1.15

KCNQ3 M-type K+ 1.06 1.03

Power spectra

Raster plot (control) Population distribution

Table 1

Implementation of schizophrenia expression data

The model parameters were adjusted to reproduce 
the effects of GABAA and GABAB receptor blockers 
on delta power as observed in [Carracedo et al. 
2013], while keeping firing rates within observed 
ranges, where applicable.
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