
 

 

 

 

Supplementary Information 

 

 

Dissecting transcriptomic signatures of neuronal differentiation and maturation using iPSCs 

Burke, Chenoweth et al. 

 

 

 

Table of Contents 

Page 1: Supplementary Figures 

Page 16: Supplementary Tables 

Page 20: Supplementary References 

 

  



 

1 
 

Supplementary Figures 

 

 

 

Supplementary Figure 1: Fluidigm-based expression profiling. Fluidigm-based expression profiling confirmed the 

loss of FAP (Fibroblast Activation Protein Alpha) expression across all iPSC lines and the gain of NANOG expression. 
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Supplementary Figure 2: Immunocytochemical labeling of neurons. A subset of lines were stained at eight weeks of 

differentiation to label representative neurons. Images were randomly chosen as single examples of 10-40 fields per 

coverslip. Blue - DAPI; Red - PSD-95; Green - TuJ1; White - Syn1.  
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Supplementary Figure 3: RNA-seq quality control. Three RNA replicated were sequenced across seven flow cells to 

assess batch effect. (A) Gene expression levels of the RNA replicates across flow cells clustered by cell line, and (B) 

ERCC spike-ins of the replicates clustered more by flow cell (batch number), passing quality control. (C) The percent 

of aligned reads assigned to genes across cellular conditions, with colored replicate points having similar rates. 

Additionally, even the neuronal samples co-cultured with rat astrocytes had high proportions of exonic reads. (D) 

Slow differentiation of cell line 165-B-8X as shown by expression of NANOG through time, resulting in us dropping 

the 6 samples from this line. 
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Supplementary Figure 4: Genotyping mismatches. Correlation heatmap of microarray-based genotype calls using 

called coding variants. Five samples (highlighted in yellow) did not highly correlate with their labeled donor identity 

and were dropped from all analyses. 
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Supplementary Figure 5: Comparison to ScoreCard data 1. (A) Our data (circles) projected into the first two PCs 

calculated from the ScoreCard reference data gene expression levels (square and triangle points), to assess the 

representativeness of our iPSC cell lines and subsequent differentiation data. (B) The pluripotent identity of 

ScoreCard data and our data, showing our self-renewal and early iPSC lines with a mean 98.1% pluripotency identity 

which significantly decreased through differentiation. 
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Supplementary Figure 6: PCA and comparison to CORTECON data 2. PCA of gene expression levels showing PC1 

representing corticogenesis, and PC2 separating NPC stage cells from early days as well as mature neurons. Both of 

these components of variability — a linear trend in PC1 across differentiation and a quadratic trend in PC2 — were 

significantly conserved when we projected the CORTECON data (square points) into these PCs. 
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Supplementary Figure 7: PCA of Close et al 3. PCs based on pooled cell-level data from Close et al., with our data 

projected in. Our samples (A) clustered with the Close et al. pooled cells (C), with our more mature neuronal lines 

clustering with DCX+ samples and early NPC lines clustering with DCX- samples. The single cell samples are also 

shown in (B). 
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Supplementary Figure 8: Eigengenes of WGCNA modules. The eigengenes of the WGCNA modules calculated from 

our data, plotted with the CORTECON eigengenes calculated after separating that data into the same eleven gene 

sets, showing similar developmental patterns across most of the top modules. 
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Supplementary Figure 9: GO analysis of intron retention ratios. Enrichment of the 2847 genes with significantly (FDR 

< 0.001%) decreasing (1518/2847) or increasing (1329/2847) intron retention ratios. As expected, increasing intron 

retention was enriched for neuron development terms. 

 

 

 

 

 

 

 

 



 

10 
 

 

 

 

 

Supplementary Figure 10: Cross-species mapping in RNA-seq alignments. Alignment rates of human neurons alone, 

rat astrocytes alone, and co-cultured samples mapped to human and rat genomes. Human neuron samples had a low 

alignment rate to the rat genome (mean=16.6%) and rat astrocytes lowly aligned to the human genome 

(mean=10.1%). We took these two sets of aligned reads and mapped them back to human and rat, respectively, and 

found that in each case only 3 genes accounted for the majority of cross-mapped expression (Supplementary Table 

4). 
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Supplementary Figure 11: Cell type deconvolution proportions of 131 signature genes. Boxplot of the standardized 

expression level of L1TD1, one of the 131 genes that distinguish iPSCs, NPCs, fetal replicating neurons, fetal quiescent 

neurons, adult neurons, and adult endothelial cells.  

Note above figure of L1TD1 shows only the first plot of 131 genes. For full set of panels, see: Supplementary Data 5 
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Supplementary Figure 12: Deconvolution using public datasets. (A) The ScoreCard manuscript 1 had reported a 

residual fibroblast-like signature which was not supported by applying this deconvolution to pure fibroblast and iPSC 

data. (B) A dataset of iPSC-derived neurons combined with activity state electrophysiology data suggest that the 

endothelial RNA fractions are associated with less mature astrocyte cells (Type 0, ~20% RNA Fraction). 
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Supplementary Figure 13: Brain stage deconvolution. We designed a second deconvolution model to estimate RNA 

fractions from eight developmental stages. We applied the deconvolution to a large postmortem brain tissue dataset 

4 (A) and our stem cell data (B). In our data, we found loss of pluripotency, rise and fall of the early-fetal signature, 

and then rise of both mid-fetal but also adult cortical signatures. We again saw that neurons co-cultured with 

astrocytes showed a higher percentage of mature neuron signature than neurons grown alone, with 22.2% of RNA 

analogous to adult neocortex in the co-cultured samples.  
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Supplementary Figure 14: shRNA experiment deconvolutions. We calculated the cell type (A) and brain stage (B) 

estimated fractions for knock down experiments of NRXN1 and PTEN using three complementary short hairpin RNAs 

(shRNAs). The figure groups by experiment to compare the RNA fraction trajectories of the NRXN1 knockdowns, 

PTEN knockdowns, shRNA control samples (shRNA_CNT), and our time-course samples (TC). The lower panels show 

the expected expression of the PTEN junctions (C-D) and NRXN1 exon (E) targeted in the knock down experiments. 
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Supplementary Figure 15: Disease-associated effects within cell types. We used the Hoffman et al. data 5 comprised 

of healthy control and schizophrenia samples to show that our RNA fractions can be used for interaction modeling 

proposed by Zheng et al. 6 to identify cell type-dependent differential expression of covariates such as disease state 

in 78 genes that would otherwise be missed with more standard DE modeling techniques in bulk samples. The p-

values show the significance of the diagnosis and diagnosis/NPC interaction terms from the interaction model. 

Note above figure of GRAMD1C shows only the first page of 78 panels. For the full set of 78 panels, see: 

Supplementary Data 8 
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Supplementary Tables 

 

 

 

 

Supplementary Table 1: Gene and feature-level differential expression at FDR < 1%, including the number of DE 

features, the number of unique genes, and the percent of DE features out of those tested. 

 

 

 

 

Supplementary Table 2: Annotation classes of differentially expressed exon-exon junctions, including the number of 

DE features, and the percent of DE features out of those tested. 
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Supplementary Table 3: Details of the two sets of three highly expressed genes that contributed to the majority of 

reads that mapped across rat and human: 

(A) Expressed rn6 genes after the purified rat astrocyte samples were mapped to the human hg38 genome, then the 

aligned reads were mapped back to rat.  

(B) Expressed hg38 genes after human neuron samples were mapped to the rat rn6 genome, then the aligned reads 

were mapped back to human. 
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Supplementary Table 4: List of published studies including gene manipulation of the 25 neuronal markers used in our 

cell type deconvolution, showing evidence of studies exploring 18 of the 25 genes. 
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Supplementary Table 5:  P-values of cell type proportion ANOVAs showing contributions to variance in Volpato et al. 

data 7, with the largest amount of variance being from technical variability contributed by lab site in eight of the ten 

cell types. 
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