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Supplemental File 1 Predicted genes Gene predictions in GTF format against reference genome human_g1k. Transcriptome-
based predictions are marked with Cufflinks; ab initio predictions are marked with FGENESH. 

Supplemental Text 1 
Human specimens. The description of postmortem brain specimens is presented in Supplemental Table S1.  

Genomic DNA library preparation, whole genome sequencing and analysis. Four brain samples were used for whole genome 
sequencing: A5, A9, S14 and C13. 2 ug of genomic DNA was sheared on Covaris S2 system (Applied Biosystems). Genomic 
libraries were prepared according to Paired-End DNA Sample Prep Kit protocol (Illumina). 101 bp PE sequencing was performed 
on Illumina’s HiSeq 2000 achieving average 35-fold genome coverage (specifically, 36-fold  A5 and S14, 22-fold for A9 and , 
24-fold C13). PE reads were mapped to GRCh37 reference genome with BWA program (1). Duplicate reads were marked with 
Picard package. SNP calling was performed according to GATK best practice variant calling protocol v3  (2). All stages of 
genome analysis were compiled into our whole genome sequencing analysis pipeline (http://rogaevlab.ru/ngs-pipeline). 

Data visualization. We have routinely used IGV  (3, 4) for data visualization and figure preparation; we have also used R  and, 
in particular, ggplot2  (5) package for plotting. 

ChIP-seq data analysis. Read mapping. Initial set contained 64 H3K4me3 histone methylation ChIP-seq samples, from which 
60 were from neuronal and 4 from nonneuronal brain tissues. We mapped all samples to reference human genome GRCh37 using 
Bowtie 2.0.2  (6) with default parameters. Rate of unmapped reads varied from 0.8% to about 50.7%  with  non-uniquely mapped 
reads varied from 9.4% to 26.5%, respectively Then, we removed potential PCR-duplicates and non-uniquely mapped reads 
(MAPQ = 0). We additionally excluded 3 neuronal samples with less than 3 million reads mapped. Peaks were called for all 
samples using MACS 1.4.2  (7). We ran it with P-value thresholds 1e-5 and 1e-10 against input, but used 1e-10 in downstream 
analysis. We also excluded all peaks with length less than 200bp. Promoter coverage was calculated for each sample using 
BEDTools  (8). We defined promoters as regions of 2 kb upstream and 2 kb downstream from TSS of each gene. All such 
regions were merged using BEDTools and total promoter coverage was calculated for all samples. We used these values for 
normalization. Base coverage for each position in peak were totaled using an in-house tools. These values were multiplied to 107 
and divided to total promoter coverage of corresponding sample and used as measures of H3K4me3 occupancy for most of 
downstream analyses. Quality control. We excluded three neuronal samples from further analysis, due to shallow sequencing 
coverage (< 2 million reads mapped). As anticipated, we found H3K4me3 peaks in genes on Y-chromosome in all males only 
and in XIST gene, which is essential for inactivation of one X-chromosome homolog  (9) exclusively in females (Supplemental 
Fig. S1). Furthermore, we assessed the purity of neuronal chromatin for each sample by scanning genes known to be expressed in 
neurons but not in glia and vice versa (10-13). We found that all neuronal samples showed robust specific H3K4me3 peaks 
exclusively for neuronal genes and lacked peaks for glial-specific genes. Correspondingly, 3 of 4 non-neuronal samples showed 
signals for glial-specific genes with no peaks for neuronal-specific genes (the fourth sample showing also neuronal signals was 
excluded from further analyses) (Supplemental Fig. S1a). As expected, H3K4me3 states detectable by ChIP-seq showed highly 
specific locus-based signatures in brain cells (Supplemental Fig. S1). 

RNA-seq data analysis. RNA-seq data sets for the four total cortical specimens and 20 samples from grey and 20 samples from 
white matter specimens were aligned to genome GRCh37 reference with Tophat v2.0.4 program  (14) with supplying Ensembl 
gene models v. 69. Transcripts were assembled for each library separately with Cufflinks software  (15). Additionally, we used 
18 published RNAseq datasets from superior temporal gyrus (ERP001304 project)  (16), nine of which were patients with SZ and 
nine were controls. The same analysis as above was performed. To detect new transcripts missing in Ensembl and UCSC 
databases, we merged gene models produced by cufflinks for 40 RNAseq libraries as well as gene models from 18 libraries of 
ERP001304 project. After comparison to Ensembl v87, v91 and UCSC genome browser we’ve identified 1526 new potential 
genes. 

Ab initio gene predictions. To predict genes using only reference genomes sequence in close proximity to H3K4me3 peaks, we 
selected 200 kb windows in both direction to the peak and performed gene predictions using FGENESH  (17) and selected only 
predictions with TSS inside the peak. 

Coding potential of previously undescribed genes. To search for novel transcripts mapped to neuronal gene promoters marked 
by H3K4me3, we used transcripts assembled from the RNA-seq for 58 brain specimens (superior temporal gyrus, grey and white 
matters) as described above. To evaluate coding potential of previously undescribed genes, we performed the following 
procedures: we generated cDNA sequences (CDS) for each transcript with gffread utility script from Cufflinks (15). For 
transcripts with unknown direction, both strands we used to generate  cDNA sequences. All sequences were analyzed with 
Coding Potential Calculator (18) to predict the ORF for each transcript and to produce a score for potential coding or non-coding 
(above or below 0, respectively). We classify a gene to be potentially protein-coding if any of transcripts have a coding potential 
greater than 1. Coding Potential Calculator provides peptide sequences for predicted ORFs. We identified protein domains in 
these sequences by searching PFAM (19) database with HMMER (20). 
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Analysis of correlation between genetic CNVs and epigenetic-H3K4me3 variations. To identify putative CNVs, we run both 
FREEC (21) and CNVnator (22) with default parameters (using 1000bp bins for CNVnator). From CNVnator output, we also 
excluded loci with q0 > 0.5. Given that different algorithms for CNV discovery deviate from each other (23), we focused our 
analysis only on high-confidence CNVs, that were identified by both of these tools. To study the interactions of CNV and 
H3K4me3 peak size, we compared normalized tag densities for four individuals in peaks, that overlap CNV regions. We 
considered only peaks where at least one individual has a CNV. We evaluated the average peaks size for individuals without 
CNV (copy number = 2) and quantified fold change for all four individuals (there can be two or three individuals without CNV, 
in these cases fold change is not equal to 1; if there is only one individual without CNV, fold change for him is exactly one). 
Next, we separated all fold changes into three groups: a) where copy number < 2 (deletions) b) where copy number == 2 and c) 
where copy number > 2 (duplications) and quantified the difference between these groups with Mann-Whitney-Wilcox non-
parametric test. We also estimated the correlation between the copy number and fold change across peaks and individuals. To 
increase robustness, we excluded peaks with elevated rate of reads with low mapping quality (75% of reads have MAPQ < 10) 
because CNV calls are based on longer reads (2x100bp vs 36bp). 

Effect of SNVs and INDELs on individual peak induction in four individuals. To select individual-specific variants in the 
four individuals, we first selected variants within any of 29,547 peaks using bcftools and annotated singleton variants with an in-
house tool, based on bio-vcf package (24). Annotation of variants for dbSNP presence and population frequency was performed 
with Variant Effect Predictor (25), evolutionary conservation was based on PhyloP46 scores  (26) from UCSC genome browser  
(27) (PhyloP46 > 1.0 for a conservative site) and effect on CpG sites was evaluated with an in-house tool based on rust-bio and 
rust-htslib packages  (28). We evaluated the significance of overlap using hypergeometric test without correcting for multiple 
testing. 

NUP210L genotyping, allele imbalance and expression analysis. Of five individuals showing neuronal H3K4me3 peak in 
NULP210L locus, we were able to test rs114697636 for four individuals by sequencing or direct inspection of ChIP-seq reads. 
The rare rs114697636 G-allele was identified in all four subjects. Genotyping of rs114697636 at 5’-region of NUPL210L of 
brain specimens was performed by Sanger sequencing of PCR product amplified from genomic DNA using the following 
primers: NT_F-CGCCGGACAGCCAGTCAT; NT_R-GCTGACGTCACGCCTGTG. Genotyping of rs114697636, rs11264875 
at 32nd exon of NUPL210L in brain specimens was performed from genomic DNA and cDNA. For amplification from genomic 
DNA, the following  oligonucleotide primer sequences were used: F875-GCCCAGGCTGTGAACAGAGGG; R875-
TGGCTGGCTTCTAATTGGCTGGC. For target region amplification from cDNA, the following two primer oligonucleotides 
were used: F-357-CCACACACACAATACCCAGC; R-357-AAAATCATTGCAGTCCCCGG. Sample C28 cDNA was 
additionally amplified with the following primers: F-TTGCTGCATATTGGACCAGG; R-ACTGAAATCTGAATGGACCTGA. 

Transcription factor binding site prediction. Transcription factor binding sites were predicted with PERFECTOS-APE  (29) 
using HOCOMOCO  (30) and JASPAR  (31) motif databases using default parameters. 

Gel shift assay for NUP210L. Preparation of nuclear extracts. Cells were washed with ice-cold PBS and then pelleted by 
centrifugation at 300 g for 2 min. The cell pellet was resuspended in 1 ml of Buffer 1 (10 mM HEPES, pH 7.9, 10 mM KCl, 1 
mM dithiothreitol, 0.5 mM spermidine, 0.15 mM spermine, 0.1 mM EDTA, 0.1 mM EGTA, 0.5 mM PMSF, 16 Halt protease 
inhibitor cocktail (Thermo Scientific)) and placed on ice to swell for 15 min. After addition of 62 ml of 10% (w/v) Nonidet P-40, 
the sample was gently vortexed for 10 s and then centrifuged at 400 g for 5 min at 4°C. The nuclear pellet was resuspended in 
100 ml of Buffer 2 (20 mM HEPES, pH 7.9, 25% (w/v) glycerol, 420 mM NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 1 mM 
dithiothreitol, Halt protease inhibitor cocktail (Thermo Scientific)) and incubated for 20 min on ice followed by a centrifugation 
at 10,000 g for 10 min at 4°C. The supernatant containing the nuclear proteins was stored at -70°C. 

Electrophoretic mobility shift assays. For allelic version analysis, double stranded oligonucleotides V1-
GGCTGTAGTTCAGCGGGAACCC and V2-GGCTGTAGTTGAGCGGGAACCC were synthesized with 5’-CAGT 
tetranucleotide overhangs and SNP position in the center. Introduction of labels in the DNA probe was conducted using fill in of 
shortened 3’ ends with Klenow fragments of DNA polymerase I. The reaction was conducted for 5 min at room temperature in 10 
µl of reaction mixture which contained 0.01 nmol oligonucleotides, 1 µl of 10x buffer for labeling (500 mM Tris-HCl, pH 8.0, 
100 mM NaCl, 100 mM MgCl2, 1 mM DTT, 2 mM dGTP, 2 mM dTTP, 2 mM dCTP), 2 active units of Klenow fragment, and 
10 mCi (a-32P)dATP. The protein nuclear extract was diluted to the desired concentration of salt with dilution buffer (20 mM 
HEPES, pH 7.9, 25% (w/v) glycerol, 1.5 mM MgCl2, 0.2 mM EDTA, 1 mM dithiothreitol, Halt protease inhibitor cocktail 
(Thermo Scientific)) and incubated with sheared salmon sperm DNA (100 ng of DNA per 7 mg of total protein) for 10 min at 
0°C. After that 4 mg of extract was added to the probes which contained 100 fmol of radioactive labeled oligonucleotide.  For 
competition experiments, cold double-stranded oligos V1, V2 and TAT_GR-cagtTGCTGTACAGGATGTTCTAGC 
(corresponding GR binding site from tyrosine aminotransferase gene) were added to the reaction mix at 0.1 pmol and incubated 
on ice for 20 minutes before addition of the labeled probe. After incubation at room temperature for 15 min the mixture was 
subjected to electrophoresis in 4.5% PAAG in 0.56TBE (89 mM Tris-borate, 89 mM H3BO3, 2 mM EDTA at 4°C). The gel was 
exposed to X-ray film. 
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