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Supplemental Methods
Post-Mortem Brain Samples

Briefly, post-mortem human brain was obtained by autopsy primarily from the Offices of
the Chief Medical Examiner of the District of Columbia and the Commonwealth of Virginia,
Northern District after informed consent from legal next of kin (protocol 90-M-0142 approved by
the NIMH/NIH Institutional Review Board). Brain tissue was stored and dissected at the Clinical
Center, NIH, Bethesda, Maryland and at the Lieber Institute for Brain Development in Baltimore,
Maryland, and brain material was donated and transferred to the Lieber Institute under an
approved Material Transfer Agreement. Post-mortem prenatal brain tissue samples were
provided by the National Institute of Child Health and Human Development Brain and Tissue

Bank for Developmental Disorders (http://www.BTBank.org/) under contracts NO1-HD-4-3368

and NO1-HD-4-3383. The Institutional Review Board of the University of Maryland at Baltimore
and the State of Maryland approved the protocol, and the tissue was donated to LIBD under the
terms of a material transfer agreement. Clinical characterization, diagnoses, toxicological
analysis, and macro- and microscopic neuropathological examinations were performed on all
samples using a standardized protocol approved by the Institutional Review Board of the
University of Maryland at Baltimore and the State of Maryland. Subjects with evidence of macro-

or microscopic neuropathology, drug use, alcohol abuse or psychiatric illness were excluded.

Defining gene sets associated with brain diseases
Nine brain disease-associated gene sets from a previous publication were used in this
study, updated where appropriate to reflect the latest advances (Birnbaum et al. 2014). The

reasoning and references are restated here for clarity, and the genes are listed in Table S7.


http://www.btbank.org/
http://f1000.com/work/citation?ids=3776839&pre=&suf=&sa=0

Syndromal Neurodevelopmental Disorders (NDD): These genes were identified in a

study of 38 patients presenting with syndromal neurodevelopmental disorders as
disrupted by chromosomal abnormalities (Talkowski et al. 2012).

Intellectual disability (ID): These genes were selected from a standardized clinical

diagnostic genetic testing panel for intellectual disability (Moeschler et al. 2006).

Neurodegenerative disorders (Neurodegenerative): This set was comprised of genes

implicated in Alzheimer’s Disease, Parkinson’s Disease, Fronto-temporal Dementia,
Amyotrophic Lateral Sclerosis (ALS), Huntington’s Disease, and Multiple Sclerosis,
including established Mendelian genes and genes from the “Top Results” list for each
disease from a systematic meta-analysis of genome-wide association studies, reported
as of October 2013 in the following databases: www.alzgene.org, www.pdgene.org,
www.msgene.org. This set was updated to include genes listed in Table 1 of a new
Genome-wide association study (GWAS) for ALS (Nicolas et al. 2018); candidate genes
from tables 1 & 2 of a new GWAS for Parkinson’s Disease (Chang et al. 2017); and
genes identified in linkage disequilibrium blocks implicated in a new Alzheimer’s Disease
GWAS (Kunkle et al. 2019).

Schizophrenia Copy Number Variants (SCZ-CNVs): This set included genes overlapping

recurrent CNVs associated with schizophrenia from a series of studies using
standardized diagnosis, genome-wide detection, that confirmed structural variations
using at least two different methods for discovery and validation, and had sufficient
information to permit the identification of duplicate samples (International Schizophrenia
Consortium 2008; Stefansson et al. 2008; Walsh et al. 2008; Xu et al. 2008; Kirov et al.
2009, 2012; Levinson et al. 2011; Vacic et al. 2011). Each identified CNV was rare (<1%

frequency in the total sample) and autosomal, and met the study’s proposed criteria for


http://f1000.com/work/citation?ids=56172&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=7632895&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=4974776&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=4345484&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=6553879&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=431935,2044928,2297931,6885891,431837,431517,431907,431549&pre=&pre=&pre=&pre=&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&suf=&suf=&suf=&suf=&sa=0,0,0,0,0,0,0,0
http://f1000.com/work/citation?ids=431935,2044928,2297931,6885891,431837,431517,431907,431549&pre=&pre=&pre=&pre=&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&suf=&suf=&suf=&suf=&sa=0,0,0,0,0,0,0,0
http://f1000.com/work/citation?ids=431935,2044928,2297931,6885891,431837,431517,431907,431549&pre=&pre=&pre=&pre=&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&suf=&suf=&suf=&suf=&sa=0,0,0,0,0,0,0,0

“high confidence”. Recurrence was defined as identification in multiple cases across
studies. CNVs regardless of size were included, 10-100 kb, and >100 kb. The following
regions were identified: 19271.1, 2p16.3, 3929, 7q36.3, 15q11.2, 15q13.3, 16p11.2, and
22q11.21.

Schizophrenia Single Nucleotide Variants (SCZ-SNVs): This set included genes with

rare de novo SNVs/Indels associated with schizophrenia as identified in exome
sequencing studies of probands or affected families (Xu et al. 2008, 2012; Girard et al.
2011; Gulsuner et al. 2013). To be included, the variant must have been missense,
nonsense, frameshift, or splice site mutations, and be additionally validated by direct
PCR amplification or Sanger sequencing. This gene set was updated from Birnbaum et
al. (2014) to include “high evidence” genes from a recent exome study (Genovese et al.
2016).

Schizophrenia GWAS (SCZ-GWAS): This set included genes contained within linkage

disequilibrium blocks associated with SCZ in a new GWAS for this disorder (Pardinas et
al. 2018).

Bipolar Affective Disorder GWAS (BPAD-GWAS): This set included genes contained

within linkage disequilibrium blocks associated with BPAD in a new GWAS for this
disorder (Stahl et al. 2019).

Autism Spectrum Disorder CNVs (ASD-CNVs): This set included genes in recurrent

CNVs identified in GWAS for ASD (Sebat et al. 2007; Marshall et al. 2008; Itsara et al.
2010; Pinto et al. 2010; Levy et al. 2011; Sanders et al. 2011). Criteria for publication
inclusion was as follows: standardized ASD diagnosis, detection genome-wide,
confirmed structural variations, and sufficient information to permit the identification of

duplicate samples. Each identified CNV was rare (<1% frequency in the total sample)


http://f1000.com/work/citation?ids=111586,431441,431935,1509293&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&sa=0,0,0,0
http://f1000.com/work/citation?ids=111586,431441,431935,1509293&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&sa=0,0,0,0
http://f1000.com/work/citation?ids=2199729&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=2199729&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=4904160&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=4904160&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=6887254&pre=&suf=&sa=0
http://f1000.com/work/citation?ids=56158,235603,51138,56192,431519,431813&pre=&pre=&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&suf=&suf=&sa=0,0,0,0,0,0
http://f1000.com/work/citation?ids=56158,235603,51138,56192,431519,431813&pre=&pre=&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&suf=&suf=&sa=0,0,0,0,0,0

and autosomal, and met the study’s proposed criteria for “high confidence”. Recurrence
was defined as identification in multiple cases across studies. CNVs regardless of size
were included, 10-100 kb, and >100 kb. The following regions were identified: 7q21.1,
2p16.3, 3p14.1, 5p15.2, 7q11.23, 7q31.1, 7936.2, 8p23.3, 9p24.3, 10911.23-21.1,
12924.31, 15q11.2-13.1, 15913.2-13.3, 15923-24.1, 16p11.2, 16923.3, 18q22.1,
20q13.33, 22q11.21, 22q13.33.

SFARI Gene Database (ASD-SFARI): This set included genes collated in the Simons

Foundation Autism Research Initiative Gene Database, accessed October 6, 2019
(Simons Foundation Autism Research Initiative 2019). This set excluded genes labeled

as “syndromal” and genes already included in the ASD-CNVs gene set.


http://f1000.com/work/citation?ids=7632688&pre=&suf=&sa=0

Supplemental tables

Table S1: Phenotype and Sequencing Information. Phenotype and sequencing data for the 23

RNA-sequencing samples analyzed in this work. Refer to Tab 2 in Supplemental_Tables.xIsx.

Table S2: Differentially Expressed Genes by Fraction in Adult and Prenatal Samples. Genes

that are significantly differentially expressed between nuclear and cytoplasmic fractions in

poly(A)+ samples (FDR=0.05). Refer to Tab 3 in Supplemental_Tables.xIsx.

Table S3: Differentially Expressed Genes by Age in Cytoplasmic and Nuclear Samples. Genes

that are significantly differentially expressed between adult and prenatal age groups in poly(A)+

samples (FDR=0.05). Refer to Tab 4 in Supplemental_Tables.xIsx.

Table S4: Group-Unigue A->| editing sites identified in the data. A list of A->I RNA editing sites

identified in the 12 poly(A)+ RNA-sequencing samples and their annotation. Refer to Tab 5 in

Supplemental_Tables.xIsx.

Table S5: Summary of uniquely edited sites by fraction and age. The number of RNA editing

sites found in all samples of a group but not found in a contrasting group (A subset of the RNA
editing sites listed in Table S4). For age and fraction individually, the site must be present in all
six poly(A)+ samples of a fraction or age group while not in the contrasting six samples. Subset
groups of fraction and age must be present in the three samples of a group and not in the
contrasting three samples. For example, 159 editing sites were found in all three adult nuclear
RNA samples but were not detected in any adult cytoplasmic RNA samples. Refer to Tab 6 in

Supplemental_Tables.xlIsx.



Table S6: RNA Binding Protein Sequence Motif Enrichment. Results of the RBP motif

enrichment analysis where scores are reported for 4 gene sets of cytoplasmic-enriched genes in
adult and prenatal, and nuclear genes enriched in adult and prenatal. Refer to Tab 7 in

Supplemental_Tables.xIsx.

Table S7: Genes included in each gene set. The list of gene symbols included in the nine

neurodegenerative and neurodevelopmental psychiatric disease gene sets defined in the

supplemental methods. Refer to Tab 8 in Supplemental_Tables.xIsx.

Table S8: Disease Gene Set Enrichment in Fraction-Requlated Gene Groups (Human Cortical

Tissue). Results of the enrichment tests of genes significantly differentially expressed by fraction
in the human cortical samples in the nine sets of disease-associated genes. Refer to Tab 9 in

Supplemental_Tables.xlIsx.

Table S9: Disease Gene Set Enrichment in Fraction-Requlated Gene Groups (ENCODE Cell

Lines). Results of the enrichment tests of genes significantly differentially expressed by fraction
in the ENCODE samples in the nine sets of disease-associated genes. Refer to Tab 10 in

Supplemental_Tables.xlIsx.
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Figure S1: Experimental Design. We characterized the nuclear and cytoplasmic transcriptome
in human prenatal postmortem prefrontal cortex (PFC) and adult postmortem dorsolateral
prefrontal cortex (DLPFC) using two RNA sequencing library preparation methods. poly(A)+
library preparation selects polyadenylated transcripts via a pull-down step, while Ribo-Zero

library preparation relies on a rRNA depletion step.
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Figure S2: Characterizing the nuclear and cytoplasmic transcriptome in human brain. (A)
Differentially expressed genes in nuclear RNA by library type (FDR<0.05; abs(Log, Fold
Change)=1). Ribo-Zero library preparation captures more variation in RNA species in this
compartment than poly(A) pull- down. (B) ACTB1, a known cytoplasmic gene, and MALAT1, a
known nuclear gene, are enriched in the appropriate subcellular fractions. Error bars reflect
standard error. The y-axis shows the log, fold change of expression between fractions, stratified
by age. (C) Micrograms of RNA collected from each sample stratified by age and fraction. A
similar amount of RNA being collected from adult and prenatal nuclear samples is evidence that
samples underwent appropriate fractionation, despite compartmental differences being more
muted in prenatal than adult samples. (D) Scatterplots of t-statistics for expression differences
by fraction as measured in a panel of 296 genes with the greatest expression differences by
fraction across ENCODE samples (see methods for how these differences were derived).
ENCODE t-statistics are on the x-axis, while those measured in homogenate brain stratified by
group (left to right: Adult/poly(A), Prenatal/poly(A), Adult/Ribo-Zero, and Prenatal/Ribo-Zero) are
on the y-axis. These plots also show that prenatal and adult samples are similarly successfully
fractionated. (E) Distribution of lengths of genes enriched by fraction in poly(A)+ samples
(FDR=0.05; abs(Log, fold change)z1). “Cytoplasmic” and “Nuclear” reflect the fraction in which
the gene is higher expressed, and “Adult” and “Prenatal” represent the age in which the
comparison between fractions was made. (F) Percent of reads mapping to six genomic features
in each group. TES=Transcription end site; TSS=transcription start site; UTR=untranslated
region, CDS=coding; kb=kilobase. (G-H) Annotation of groups of genes differentially expressed
(G) by fraction in poly(A), (H) by fraction in Ribo-Zero, and (l) by age in Robo-Zero (FDR<0.05;
abs(Log, fold change)z1). The total number of genes in each group is listed to the right of each

bar.
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Figure S3: Cell type enrichment in fraction-regulated genes. (A) The proportion of
cytoplasmic- and nuclear-enriched genes (FDR<0.05) identified in the 23 homogenate
fractionated samples that are maximally expressed in each cell type as measured in single cell
RNA-seq data from human cortex (Darmanis et al. 2015). We assigned each cytoplasmic and

nuclear gene a cell type based on which type had the highest expression as measured in the
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http://f1000.com/work/citation?ids=349175&pre=&suf=&sa=0

single cell data. Cell types are as assigned in the single cell data as in the previous publication.
(B) Scatterplots of t-statistics (left) and log, fold change (right) as measured between fractions in
homogenate cortex in this study (x-axis) and between neurons and non-neurons (ie, NeuN+ and
NeuN- nuclear RNA-seq; y-axis). The biggest distinction between brain cell types is that of
neurons and non-neurons (primarily glia). Using NeuN, a neuronal marker, one can label
neuronal nuclei isolated from postmortem brain tissue and collect neuron- and
non-neuron-enriched populations from tissue. The proportion of neurons to non-neurons is
dynamic across brain development, which may confound the fractioned gene expression
results. Here we show that there is no discernable relationship between neuron/non-neuron
expression differences and the nuclear/cytoplasmic differences we identify in homogenate
samples, suggesting that these results are not broadly confounded by developmental shifts in
cellular composition. (C) Results of cell-specific enrichment analysis (CSEA) for the set of genes
preferentially expressed in adult nucleus (ie, “Nuclear in Adult Only” genes). Retinal rod and
cone cells and striatal DRD1+ and DRD2+ medium spiny neurons are enriched at a specificity

index threshold of 0.05.
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Figure S4: Comparing Fraction and Age in Ribo-Zero Samples. (A) MA plots of prenatal and
adult gene expression differences measured across fraction. Red dots indicate FDR<0.05. (B)

Log, fold change of expression across fraction in adult samples plotted against prenatal

samples. Red dots indicate FDR<0.05.
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Figure S5: Alternative splicing patterns and intron retention. (A) Counts of unique skipped

exons (SE), skipping of two exons (S2E), intron retention (IR), mutually exclusive exons (MXE),
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alternative 5’ exon splice site use (A5SS), alternative 3’ exon splice site use (A3SS), alternative
first exon use (AFE) and alternative last exon use (ALE) stratified by fraction and age. Skipped
exons (SE) and intron retention (IR) represented the greatest percentage of unique splice
variants identified (50.8%). 72.9% more unique splice variants were identified in prenatal than
adult samples, suggesting that the higher proportion of spliced RNA products in prenatal
samples shown in Fig. 3A is accompanied by greater splicing diversity. By fraction, 42.8% more
unique splice variants were identified in nuclear than cytoplasmic RNA. (B) Number of
differentially expressed splicing events in different comparisons, stratified by splice variant type.
As in overall gene expression, prenatal fractions showed fewer significantly differentially
expressed splice variants than between adult fractions. Whether a splice variant was more
expressed in nuclear than cytoplasmic RNA related to its variant type: significantly differentially
expressed IR events by fraction (FDR<0.05) were more likely to be more abundant in the
nucleus (OR=50.9, FDR=8.7x10), while SE, distal alternative 5’ exon start site (A5SS.D) and
3’ exon start site (A3SS.D) events were less abundant in the nucleus (OR=0.091,
FDR<1.7x107). (C) The log, fold change of gene expression between fractions in adult (red)
and prenatal (blue) plotted against the mean maximum IR ratio for an intron within each gene
for each age:fraction group. Samples are stratified by panels indicating the age and fraction of
the mean maximum IR ratio. 152,432 introns were shared between all 12 poly(A)+ samples.
Across samples, 58.68-85.33% of filtered introns were constitutively spliced in each sample,
and 12.20-34.63% had an IR ratio (i.e., intronic reads divided by total intron and flanking exon
reads) of greater than zero but less than five percent. (D) Gene expression measured as the log
of the reads per kilobase per million mapped (RPKM) plus one plotted against the maximum IR
ratio for each gene within each sample. Samples are colored and stratified into panels indicating

their age:fraction group. The black line depicts the linear regression for each group. (E) Density

15



plot of the location in a transcript of introns higher expressed in the nuclear compartment in
adult and prenatal brain, listed as the proportion of the transcript length between the intron and
the end of the transcript (3'<5’). Using the Audic and Claverie test for differential intron
expression we found 35 introns significantly differentially retained within a transcript by fraction
in adults, six by fraction in prenatal cortex, 10 by age in cytoplasmic RNA, and 21 by age in
nuclear RNA (FDR<0.05). Of the fraction-regulated introns, all were more retained (less spliced)
in the nuclear compartment. These differentially retained introns tended to be single rather than
clustered within a gene (90.4%) and were significantly shorter than the pool of total introns
tested (t<-32.8, FDR<2.2x10%). Most relevant to this figure, fraction-regulated introns clustered
at the beginning and end of the gene. (F) The log, fold change of gene expression between
fractions as measured in adult plotted against the mean IR ratio for introns differentially retained
by fraction in adult (FDR<0.05) in adult cytoplasmic samples (red) and adult nuclear samples
(blue). The linear regression with standard error is shown for both groups. (G) The IR ratio of
introns differentially retained by age when measured in cytoplasmic and nuclear samples,
plotted by gene expression measured as the log of the RPKM plus one. Samples are colored by
their age:fraction group. The linear regression line for each group is shown with shading to

indicate the standard error.
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Figure S6: Cellular compartment ontology enrichment for retained introns. (A) Cellular

compartment ontology terms enriched in genes containing introns that were higher expressed in

nuclear than cytoplasmic RNA in adult (left) and prenatal (right) samples. (B) Terms enriched in

genes containing introns more retained in adult than prenatal (far left) or more in prenatal than
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adult (middle and right columns) when measured in cytoplasm (left and middle columns) or

nuclear RNA (right column).
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Figure S7: Highly edited gene products contain RNA editing sites unique to an
age/fraction group that associate with expression levels. (A) Distribution of filtered read
depth per sample for each editing context. “A:G/T:C” sites are considered A-to-l editing sites in
our unstranded RNA-sequencing data. Read coverage was fairly even over all samples at
edited sites, with a median coverage of 11-12 reads per site across samples. (B) Annotation of
RNA features that contain an A-to-l editing site stratified by fraction and age. In line with
previous reports, 21.7-33.8% fell within intronic sequence and 37.6-50.8% within 3UTR
sequence in each fraction and age tested. (C) Number of A-to-l editing sites that overlap an Alu
sequence, a non-Alu repeat, or no repeats. 40.0-42.0% of A-to-I editing sites overlapped an Alu
repeat sequence. (D) Number and percentage of A-to-I editing sites identified in our data that
are also identified in GTEX consortium data. Of the previously unreported editing sites, 43.1%
more were detected in nuclear than cytoplasmic RNA, and 13.8% more were detected in
prenatal than adult samples. (E) Percentage of editing sites identified in each GTEX tissue that
are also identified in our data. 69% of our 18,907 A-to-l editing sites were also detected in
Genotype-Tissue Expression (GTEX) project data (Tan et al. 2017), particularly in GTEXx brain
samples (46.3%). (F) Distribution of unadjusted p-values calculated from linear regression
assessing editing rate changes by age adjusting for fraction, fraction adjusting for age, or
age:fraction interaction effects in the 1,025 sites found in all samples. After adjusting for false
discovery rate, 81 sites were associated with age, while only 9 were associated with fraction
and 6 with an interaction between age and fraction. (G) Log, fold change of expression by
fraction as measured in prenatal samples, in genes that include an editing site present in all
cytoplasmic but no nuclear samples (right) or all nuclear and no cytoplasmic samples (left) in

either adult (red) or prenatal (blue). The 159 adult nuclear editing sites were more likely to fall
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within intronic sequence than cytoplasmic sites (OR=5.9, FDR=9.8x10), which were more

likely to fall within 3'UTR sequence (OR=3.96, FDR=9.8x107).
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A. NPC Genes with Increasing Expression
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Figure S8: Cell type-specific expression of nuclear pore complex genes with increasing
expression as the brain matures. An integral facet of nuclear transport are the nuclear pore
complexes (NPCs) that facilitate passage through the membrane. Although NPC structures are
extremely long-lasting, often persisting for the lifespan of a cell (Savas et al. 2012), many
components of the NPCs can be exchanged according to the requirements of the cell, including
during neuronal development (D’Angelo et al. 2012). Several of the NPC factors with increasing

expression are involved with the NUP107-160 nuclear pore subcomplex. For instance, SEH1L is
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increasingly expressed in cortex and encodes a component of the NUP107-160 nuclear pore
subcomplex (Zuccolo et al. 2007). SENPZ2 is an increasingly expressed gene that encodes a
SUMOylation protease that also interacts with the NUP107-160 nucleoporin subcomplex in
addition to other NPC components (Goeres et al. 2011). RANGAP1 and RANBP2 are
increasingly expressed in cortex, and RANGAP1-RANBP2 is recruited by the NUP107-160
nuclear pore subcomplex to the kinetochores during mitosis (Zuccolo et al. 2007). (A) Log[
reads per kilobase per million mapped (RPKM) + one ] of the nine genes with significantly
increasing expression (FDR<0.05) over cortical development as measured in a single cell
RNA-seq dataset of cells isolated from adult human postmortem brain (Darmanis et al. 2015).
Although the association of the NUP107-160 nuclear pore subcomplex and RANGAP1 with
proliferative phenotypes and mitosis (Vorpahl et al. 2014) likely points to increasing expression
due to increasing gliogenesis over the human lifespan, RANGAP1 is higher expressed in human
neurons than in glial subtypes in this single cell RNA-seq dataset, implicating neurons as well
(FDR=2.1x103). (B) log(RPKM+1) as measured in a single cell RNA-seq dataset of cells
isolated from adult human postmortem brain (Darmanis et al. 2015). NUP107 and NUP133,
genes encoding the main components of the NUP107-160 nuclear pore subcomplex, are not
expressed in a cell type-specific way. Although NPC structures are stable in postmitotic neurons
of adult cortex and developmental expression of these pore related genes did not explain other
results, increasing expression of genes encoding NUP107-160 subcomplex components and

interactors may reflect additional roles of the subcomplex in these cells.
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Figure S9: Disease Semantic and Ontology Enrichment. (A) Enrichment for disease
ontology terms in “Interaction” genes whose expression varies by both fraction and age. Genes
with a significant interaction between subcellular localization and age were enriched for
involvement in Alzheimer’s disease and other neurodegenerative diseases (abs(log, fold
change)z1; FDR<0.05). (B) ALDH2 and ELK1 gene expression as measured in logarithm of
reads per kilobase per million mapped reads plus one read (log(RPKM+1)), grouped by age
(adult or prenatal) and fraction (cytoplasm and nucleus). Since the subcellular compartments
are globally more similar in prenatal than adult samples, many of the “Interaction” genes were
simply more highly expressed in adult than prenatal cortex overall, with greater expression in
adult cytoplasm compared to nucleus and relatively similar expression between prenatal
fractions. ALDH?2 is an example of greater expression in adult cytoplasm with muted prenatal

compartmental differences. Some genes, however, such as the Alzheimer’s disease-associated
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gene ELK1, exhibited other patterns of interaction between fraction and age. Expression of
ELK1—which encodes a transcription factor that regulates early action gene expression and is
implicated in regulating chromatin remodeling, SRE-dependent transcription, and neuronal
differentiation—was increased in adult nuclear RNA compared to the cytoplasm. In mice, Elk-1
protein abundance is tightly regulated by subcellular compartment as overexpression in the
cytoplasm can lead to cell death (Besnard et al. 2011). (C) Length in kilobases (kb) of genes in
9 gene sets associated with autism spectrum disorder (ASD), schizophrenia (SCZ), bipolar
affective disorder (BPAD), neurodevelopmental disease (Neuro-devel.), intellectual disability,
and neurodegenerative disease (Neuro-degen.). Where applicable, the type of study from which
the gene association with disease derives is listed in parentheses. As genes with neuronal
functions as a group are longer than average (Gabel et al. 2015) and longer genes are more
abundant in the nuclear compartment, gene length may contribute to enrichment of these gene
sets. Colors indicate whether the gene set is significantly enriched for genes higher expressed
in nuclear RNA in both ages or in adult cortex only (FDR<0.05). TTN, a near 118 kilobase (kb)
gene in the SCZ (SNV) set that was 73.3 kb longer than the second longest disease-associated

gene, is not depicted.
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Figure $S10: Mechanisms of subcellular localization and disease-associated genes. (A)
Minimum predicted free energy of the highest expressed 3'UTR for each gene in each set
associated with psychiatric diseases. B) The percentage of genes in each set that were found to
have an A—| editing site. The total number of genes in each set is listed above each bar. C)
Intron retention ratio for each intron within a gene associated with psychiatric disease. Gene
sets are color-coded according to whether they are enriched for genes that are greater
expressed in the nuclear compartment in both adults and prenatal cortex, in only adult cortex, or

neither.
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MA Plot: Nucleus Vs. Cytoplasm
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Figure S11: ENCODE Sample Disease Gene Set Association. MA plot showing the log, fold
change between fractions (positive values indicate greater expression in nucleus) and mean
normalized counts divided by 1000 for the 11 cell lines profiled by ENCODE. Red dots indicate

FDR<0.05.
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