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Supplementary Figure 1: Differentiation and characterization of cerebral organoids from human iPSCs. A. Protocol used for differentiation of cerebral organoids from human iPSCs. Phase-contrast images of cerebral organoids at different stages of development are shown. Scale bar: 250 m for image of 1 month old organoid and 1 mm for image of and 7 month old organoid. B. Representative images of immunohistochemistry of cerebral organoid slices from BPI and CON organoids. C. Quantification of cell types, where ML15,51,56,and 135 represent CON lines and ML81, 92,97, 68 are BPI lines.
[image: ]Supplementary Figure 2:A. Principal component analysis (PCA) to show the distribution of CON and BPI iPSC line generated organoid population. B.Heatmaps for coding and non-coding proteins. 
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Supplementary Figure 3. A. Representative images of immunocytochemistry of CON and BPI iPSC lines for Nanog (green), Oct4 (red), SOX2 (yellow) and Hoechst (blue). Scale bar: 50m. This characterization has been done for all 16 iPSC lines and data is available on request. B. Representative images of the whole genome view of one CON line and one BPI line. The whole genome view displays all somatic and sex chromosomes in one frame with high level copy number. The smooth signal plot (right y-axis) is the smoothing of the log2 ratios which depict the signal intensities of probes on the microarray. A value of 2 represents a normal copy number state (CN = 2). A value of 3 represents chromosomal gain (CN = 3). A value of 1 represents a chromosomal loss (CN = 1). The pink, green and yellow colors indicate the raw signal for each individual chromosome probe, while the blue signal represents the normalized probe signal which is used to identify copy number and aberrations (if any). C. Spontaneous activity of CON and BPI cerebral organoids with and without TTX 1mM. D. Negative control for the PLA assay demonstrated that using only one primary antibody did not lead to green fluorescence. 
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Supplementary Figure 4: RT-PCR validation. A-F. Graphs show relative gene expression in cerebral organoids compared to a control iPSC line assessed via quantitative PCR (qPCR). Values are medianIQR. Mann–Whitney U-test was performed. The significant differences between CON and BPI groups is shown as ***p <0.001. The assay was performed in seven CON and seven BPI lines, each with three replicates.
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Supplementary Figure 5: Synaptic markers in cerebral organoids. A. Representative immunocytochemistry images of CON and BPI organoids with pre-synaptic Marker Bassoon and post-synaptic marker Homer. B. Quantification of Bassoon and Homer in CON and BPI organoids. Values are meanSD. Mann–Whitney U-test was performed. The significant differences between CON and BPI groups is shown as ***p <0.001. Scale bar: 100m. C. Representative raster plot recording before and after electrical stimulation, after depolarization with 30 mM KCl, in CON and BPI organoids.
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Supplementary Figure 6: Representative high-magnification images of organoids stained with the indicated markers. A. MAP2 (blue), GFAP (green), GAD67 (yellow), CUTL1 (red). B. MAP2 (red), Ctip2 (green), Satb2 (yellow), Tbr2 (blue). C. Iba1 (red), glutamine synthetase (green), GAD67 (yellow), MAP2 (blue). Scale bar:100m.  D. MAP2 (red), Ctip2 (green), Satb2 (yellow), Tbr2 (blue). Scale bar:500m.
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Supplementary Table 1: Patient details for each iPSC line generated.
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Supplementary Table 2: Primary antibodies. 
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Supplementary Table 3: Downregulated Excitatory genes
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Supplementary Table 4: Downregulated Inhibitory genes
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Supplementary Table 5: Upregulated Excitatory genes
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Sample ID Diagnosis Gender KaryoSTAT MEA study PLA assay
ML-15 Control Male CUB12899-9 X X
ML-22 Control Male CUB12899-8 X
ML-25 BPI Male CUB12899-5 X X
ML-27 Control Female CUB12899-18 X
ML-45 BPI Male CUB12899-26 X X
ML-51 Control Male CUB12899-10 X X
ML-56 Control Female CUB12899-22 X
ML-68 BPI Male CUB12899-6 X
ML-81 BPI Female CUB12899-27 X
ML-92 BPI Male CUB12899-24 X X
ML-97 BPI Male CUB12899r-1 X X
ML-135 Control Male CUB12899-11 X X
ML-136 BPI Female CUB12899-25 X
ML-151 BPI Male CUB12899r-4 X
ML-292 Control Male CUB12899-12 X X
ML-300 Control Female CUB12899-21 X
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Primary antibody Type Dilution Source Catalogue 
# 



Iba-1 Goat polyclonal 1/500 Abcam ab5076 
GAD 67 Mouse 



monoclonal 
1/1000 Abcam ab26116 



Glutamate Synthase Rabbit polyclonal 1/10000 Novus NB110-
41404 



LHX6 (A-9) Mouse 
monoclonal 



1/100 Santa Cruz 
Biotechnology 



Sc-271433 



MAP2 Guinea pig 
polyclonal 
antiserum 



1/1000 Synaptic 
Systems 



188 004 



Myelin Basic Protein Mouse 
monoclonal 



1/200 Abcam ab62631 



Oligodendrocyte Specific 
Protein 



Rabbit polyclonal 1/200 Abcam ab53041 



Somatostatin (Clone YC7) Rat monoclonal 1/100 EMD 
Millipore 
Corp.  



MAB354 



TBR2 Rabbit polyclonal 1/200 Abcam ab23345 
 










Primary antibody  Type  Dilution  Source  Catalogue 

#  

Iba-1  Goat polyclonal  1/500  Abcam  a b 5 0 7 6  

GAD 67  Mouse 

monoclonal 

1/1000  Abcam  a b 2 6 1 1 6  

Glutamate Synthase  Rabbit polyclonal  1/10000  Novus  N B 1 1 0 -

4 1 4 0 4  

LHX6 (A-9)  Mouse 

monoclonal 

1/100  Santa Cruz 

Biotechnology 

S c - 2 7 1 4 3 3  

MAP2  Guinea pig 

polyclonal 

antiserum 

1/1000  Synaptic 

Systems 

1 8 8   0 0 4  

Myelin Basic Protein  Mouse 

monoclonal 

1/200  Abcam  a b 6 2 6 3 1  

Oligodendrocyte Specific 

Protein 

Rabbit polyclonal  1/200  Abcam  a b 5 3 0 4 1  

Somatostatin (Clone YC7)  Rat monoclonal  1/100  EMD 

Millipore 

Corp.  

M A B 3 5 4  

TBR2  Rabbit polyclonal  1/200  Abcam 

a b 2 3 3 4 5  
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Down-regulated Excitatory genes log2(fold_change) p_value q_value
GLRA3 -4.07668 0.00005 0.000582
SMOC1 -3.80904 0.00005 0.000582
WBSCR17 -2.45642 0.00005 0.000582
KLHL41 -1.99178 0.00005 0.000582
TTBK2 -0.83109 0.00035 0.003105
LMF1 -1.27 0.00045 0.003854
SORCS2 -0.9581 0.00065 0.00523
MVB12B -1.01225 0.00085 0.006563
SLC44A2 -0.59788 0.0038 0.022298
C12orf76 -0.96829 0.00465 0.026186
CA14 -1.81573 0.0047 0.026433
PROKR2 -1.46679 0.0068 0.035531
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Down-regulated Inhibitory genes log2(fold_change) p_value q_value
SNTG2 -3.72004 0.00005 0.000582
FOXG1 -3.20066 0.00005 0.000582
POU3F3 -3.18844 0.00005 0.000582
MDGA2 -3.06338 0.00005 0.000582
CADM2 -2.98826 0.00005 0.000582
MYO16 -2.81933 0.00005 0.000582
MAPK8IP1 -2.78464 0.00005 0.000582
HYDIN -2.48044 0.00005 0.000582
SRRM4 -2.42869 0.00005 0.000582
QKI -2.30907 0.00005 0.000582
NFIX -1.73761 0.00005 0.000582
ANKS1B -1.50113 0.0001 0.001076
MSI1 -1.40367 0.0001 0.001076
TAOK1 -0.7343 0.0001 0.001076
CTTNBP2 -1.54578 0.00015 0.001523
SP8 -2.42408 0.0008 0.006233
DPF1 -3.14631 0.00245 0.015667
EML1 -0.73865 0.00935 0.045715
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 Up-regulated Excitatory genes log2(fold_change) p_value q_value
SCTR 2.81438 0.00005 0.000582
SLPI 2.31142 0.00005 0.000582
GPR35 1.77776 0.00005 0.000582
ABCC3 1.69344 0.00005 0.000582
SLC16A5 1.59262 0.00005 0.000582
PCSK5 1.50514 0.00005 0.000582
PTGIS 1.40078 0.00005 0.000582
MGAT4A 1.36187 0.00005 0.000582
ISG15 1.35989 0.00005 0.000582
SYTL2 1.14411 0.00005 0.000582
MYO1C 1.07956 0.00005 0.000582
DIO3 2.08927 0.0001 0.001076
LAMA4 0.934397 0.00015 0.001523
ATP11B 0.830254 0.00015 0.001523
ADAP1 1.43703 0.0002 0.001939
STAT6 1.25718 0.00025 0.002341
NPL 1.13223 0.00025 0.002341
DPEP2 1.70516 0.0003 0.002736
HHLA2 1.94446 0.0004 0.003488
SAMHD1 0.831538 0.00045 0.003854
TNFSF13 1.69437 0.0006 0.004913
CLCA4 2.61242 0.0014 0.009865
PROCR 1.55311 0.0017 0.011645
ARFGEF2 0.618022 0.0026 0.016415
LRP5L 1.00271 0.00355 0.021109
FCGR3A 0.830746 0.0038 0.022298
GYLTL1B 1.29573 0.0043 0.024604
DGKH 0.632543 0.00515 0.028521
MAML3 0.778736 0.00815 0.040944
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