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Neuropsychiatric disorders are highly heritable, with estimates ranging 
from 50-80% in schizophrenia and autism. Large scale genome 
sequencing efforts suggest that the majority of non-syndromic cases 
have polygenic underpinnings with variants in regulatory non-coding 
regions of risk genes. This suggests that common variants associated 
with schizophrenia risk manifest through changes of gene regulation, 
affecting timing and dosage of risk genes rather than affecting protein 
structure or function. In order to model polygenic schizophrenia risk 
gene variation in the rodent brain, we have developed an in utero 
electroporation approach using Cas9 fusions to investigate what effects 
changing expression levels of multiple risk genes has on circuit 
development. Using multiple gRNAs, we changed gene dosage of genes 
in the immunoglobulin cell adhesion superfamily implicated in risk for 
schizophrenia and other neuropsychiatric conditions. We demonstrate 
that dosing multiple genes in the same neuron affects it's layer 
positioning in the sensorimotor cortex. To investigate the molecular 
mechanisms leading to these effects during early postnatal brain 
development, we epitope tag the endogenous gene products using 
Cas9-RC, a high-performance in vivo knockin CRISPR agent. Using this 
approach we will compare the subcellular localization and interactions 
of endogenous versus dose-manipulated gene products during cortical 
neuron migration. The broader aim of these approaches is to develop a 
workflow for manipulating gene dosing in multiple risk genes in the 
developing brain to investigate impacts on cortical wiring across 
neurodevelopmental and neuropsychiatric conditions.

Hypothesis: Changing gene dosage of schizophrenia risk gene ensembles will 
alter cortical development. 
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Multiplexed manipulation of gene dosage of schizophrenia risk genes using 
Cas9 fusions changes layer position of cortical neurons

Conclusions 
•CRISPRrea can successfully manipulate gene dosage two genes in the 

same neuron in vivo 

•Manipulating gene dosages of cell adhesion IgLON family changes 
layer position of cortical neurons  

•Cas9-RC can successfully tag and visualize endogenous IgLON4 

Future Experiments 
• Manipulate up and down dosage of IgLONs to recapitulate 

schizophrenia genetics

In vivo knock-in of IgLON4 locus

Multiplexed CRISPRa of IgLONs show changes in layer position Cas9-RC increases knock-in efficiency in vivo

IgLONs are dysregulated in Schizophrenia

Figure 6: Plasmids containing Cas9, IgLON4 sgRNA, and HMEJ donor were electroporated 
at embryonic day (E) 13.5 and analyzed at postnatal day (P) 7. Schema of knock-in 
constructs with successful knock-in. The mScarlet tag was targeted after the signal peptide 
(SP) in exon 1. Representative fluorescence image of the cerebral cortex at P7 with 
successful knock-in of mScarlet onto the IgLON4 locus (inset). Scale bar 50 µm.

Figure 5: Cas9 or Cas9-RC introduced into the fetal mouse brain at embryonic day (E) 14.5 
and analyzed at postnatal day (P) 7. Representative fluorescence images of the cerebral 
cortex at P7 with electroporated neurons receiving Cas9 or Cas9-RC. Images show plasmid 
GFP (green) and genomic ActB-2A-mCherryl (red) expression. Scale bar 100 M. Estimation 
statistics show the percent knock-in efficiency increase to be about 9% for Cas9-RC. 

Figure 2: Plasmids containing mScarlet-dCas9-VPR (CRISPRa) and EGFP (Control) were introduced into the fetal 
mouse brain at embryonic day (E) 14.5 via in utero electroporation, and analyzed at postnatal day (P) 7. 
Representative fluorescence images of the cerebral cortex at P7 show CRISPRa control with scramble sgRNA (Left) 
or multiplexed CRISPRa with IgLON2 and IgLON4 sgRNA (Right). Images show increasing IgLON levels during 
cortical development results in higher neuron layer positioning (magenta) compared to their wild-type control 
counterparts (green). Scale bar 100 µm. 

CRISPRa increases IgLON mRNA levels in vivo

Figure 3: Top: Quantification from fluorescence images. The mean distance from the cell bodies to the pia were 
calculated using General Analysis 3 program from Nikon. Each line is an internally controlled brain section at P7.  
C = control, Sc = Scramble sgRNA. Increasing each IgLON dosage individually results in higher neuron layer 
positioning compared to the wild-type controls. Multiplexing IgLON2 + IgLON4 and IgLON3 + IgLON4 also gives 
similar results. Bottom: Effect sizes were determined by subtracting the mean distance of the control (green) from the 
mean distance of the manipulated (magenta).

Figure 4: After phenotyping (Figure 2), RNAscope was performed on brain sections from the same region of brain. 
IgLONs mRNA levels are stained using RNAscope probes and fluorescent dyes as per the RNAscope protocol 
(ACDBio). Cells are stained using anti-GFP and anti-RFP antibodies. Images are taken at 60x and quantified using 
Imaris Bitplane. IgLON3 mRNA levels are increased in red cells (CRISPRa Ig3) compared to green cells (Control). 
Estimation statistics show the percent increase to be about 3% increase of mRNA expression using CRISPRa. Scale 
bar 15 µm. 

IgLON mRNA	levels Protein	levels Brain	Region

IgLON1 Down Down Hippocampus

IgLON2 Up Up DLPFC

IgLON3 -- Up DLPFC,	Anterior	PFC

IgLON4 Up Up DLPFC

Table	1:	Summary	of	the	expression	of	IgLONs	in	schizophrenia	human	paGent	post-
mortem	Gssue.	

Schizophrenia: Heritable, Polygenic, and Regulatory

• Twin studies put the heritability of schizophrenia at 80% 

•Majority of non-syndromic cases are polygenic 

•Most variants found in regulatory non-coding regions of risk genes 

•Possible that common variants associated with schizophrenia risk 
manifest through changes in gene regulation 

•Gene regulation changes can affect timing and dosage of genes, 
rather than affecting protein structure or function 
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