
Supplementary methods 

Genotyping and methylation quantification 

Genomic DNA was extracted with the QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany) from whole 
blood. 

All participants were genotyped via Illumina Human Omni ZhongHua-8 Beadchips (Illumina, San 
Diego, CA, USA) for CAPOC and Sequenom MassARRAY system (San Diego, CA, USA) for CAPEC. 
Quality control for genotyping was conducted before the analysis: 1) samples were excluded if the 
genotype call rate was less than 98%, or gender discordance, or they were first-degree or second-degree 
relatives, or if they were genetic outliers; 2) SNPs were excluded if minor allele frequency was less than 
0.01, or the genotype call rate was less than 98%, or P values for Hardy-Weinberg equilibrium were less 
than 1×10-⁵; 3) Genotype imputation for the discovery sample was done with the pre-phasing imputation 
stepwise approach implemented in IMPUTE2 [1] and SHAPEIT [2] (version 2.r727); 4) Haplotypes 
derived from phase I of the 1000 Genomes Project (release version 3) [3] were used as references; SNPs 
with low imputation quality scores (info score < 0.9) were excluded; 5) Linkage disequilibrium (LD) 
analysis was conducted by PLINK (version 1.90) and SNPs with LD-R2 > 0.5 were removed. All genomic 
locations are given as Genome Reference Consortium Human Build 37 (GRCh37). 

Genome-wide DNA methylation was assessed using Infinium®HumanMethylationEPIC BeadChip 
Kit. Quality control for methylation profiling was conducted before the analysis: 1) samples with at least 
5% of the probes that did not pass a 0.05 detection P value threshold will be filtered; 2) the probes 
with >0.01 detection P value in more than 5% samples and the probes with < 3 bead count in at least 5% 
samples will be removed; 3) probes with annotated SNPs together or with probes located on sex 
chromosomes or align to multiple locations as identified by Nordlund et al. [4] and Zhou et al. 
(https://zwdzwd.github.io/InfiniumAnnotation) will be removed; 4) Beta values (ranging from 0 to 1) 
were then generated to represent methylation ratios at a given CpG site, and higher beta values indicate 
higher methylation levels; 5) Technical differences between two different probe types were then 
normalized by beta-mixture quantile normalization method (BMIQ) [5] as implemented in the "ChAMP" 
R package [6]; 6) Function champ.runCombat from ChAMP R package was used to conduct the 
correction of batch effect; 7) Cell proportion was estimated by DNA Methylation Age Calculator and 
was applied into linear model by R package limma to reduce the confounding from blood cell proportion. 
The methylation profiling was validated by two methods including Illumina-sequencing-based BSP and 
Sequenom MassARRAY® Methylation. 

Technical replication of DNA methylation profiling 

The validation of the chip results was conducted using Illumina-sequencing-based BSP and Sequenom 
MassARRAY® Methylation, employing the amplicon sequences described in Supplementary Table S1. 
DNA methylation in one target gene was assessed by a next-generation sequencing-based BSP via the 
platform of Illumina-sequencing-based BSP, according to previously published method [7, 8]. In brief, 
BSP primers were designed using the online MethPrimer software. 1 μg of genomic DNA was converted 
using the ZYMO EZ DNA Methylation-Gold Kit (Zymo Research, Irvine, CA, USA) and one twentieth 
of the elution products were used as templates for PCR amplification with 35 cycles using KAPA 2G 



Robust HotStart PCR Kit (Kapa Biosystems, Wilmington, MA, USA). For each sample, BSP products 
of multiple genes were pooled equally, 5'-phosphorylated, 3'-dA-tailed and ligated to barcoded adapter 
using T4 DNA ligase (NEB). Barcoded libraries from all samples were sequenced on Illumina platform. 
For the bisulfite sequencing reads of each sample, firstly, adapters and low-quality reads were removed 
using software Trimmomatic-0.36. After removing the adapter sequences and filtering out the low-
quality reads, the clean sequencing reads were directly aligned to the target sequences using software 
Bsmap (v2.73) with the default parameters, which combines genome hashing and bitwise masking to 
achieve fast and accurate bisulfite mapping. Methylation levels are defined as the fraction of read counts 
of 'C' in the total read counts of both 'C' and 'T' for each covered C site. On the basis of such read fraction, 
methylated cytosine was called using a binomial distribution as in the method described by Lister et al 
[9]. whereby a probability mass function is calculated for each methylation context (CpG, CHG, CHH). 
Two-tailed Fisherʼs Exact Test was used to identify cytosines that are differentially methylated between 
two samples or groups. Only those CG covered by at least 200 reads in at least one sample were 
considered for testing. P value thresholds were selected such that the number of significance level is less 
than 0.001.  

In addition, part of BSP-verified samples was validated by Sequenom MassARRAY® Methylation. 
The primer was designed by the software Epidesigner provided by Sequenom company 
(http://www.epidesigner.com). 10mer tag was added to the left primer (forward prime) at the terminal of 
5’UTR to balance the condition of PCR reactivity. T7-promoter was added to the right primer (reverse 
prime) at the terminal of 5’UTR for the followed in-vitro transcription. The DNA extraction and 
processing were same as in EPIC profiling. We followed the protocol provided by Sequenom to conduct 
the bisulfite treatment including amplification, dephosphorylation, in vitro transcription and RNase A 
cleavage, sample conditioning, and sample transfer. The result was generated by MassARRY system and 
was analyzed by EpiTYPER software. 

Calculation of Chlorpromazine equivalent doses 

Using the chlorpromazine dose of 100 mg as a reference, the equivalent doses for the other medications 
based on literature [10-16] are as follows: haloperidol 2 mg, perphenazine 8 mg, aripiprazole 7.5 mg, 
olanzapine 5 mg, quetiapine 75 mg, risperidone 1 mg, and ziprasidone 60 mg. 

Methylation quantitative trait loci (meQTL) analysis 

R package MatrixEQTL was utilized to conduct the cis-meQTL analysis; The detailed approach was 
described by Shabalin et al [17]. MatrixEQTL linear model (phenotype to genotype) is performed in cis-
meQTL analysis with the covariates: sex, drug, age at trial entry, principal components that explained 
the 90% variance in genotype, methylation profiling batch number, and cell count measures of CD8 T 
cells, CD4 T cells, natural killer cells, B cells, monocytes and granulocyte estimated by DNA 
Methylation Age Calculator (https://dnamage.genetics.ucla.edu). The cis-meQTL analysis is carried out 
for SNP-CpG combination spanning<500kb and SNP-CpG pairs with P value<1×10-8 were considered 
as meQTL. The FDR-corrected P-value<0.01 of meQTL is considered as significant. 

Bayesian colocalization analysis 

Bayesian colocalization analysis, which tests the colocalization of multiple genetic traits, was conducted 
using R package coloc [18]. Firstly, the genome-wide significance (P < 5×10-8) loci in GWAS were 
selected and analysed for colocalization analysis with meQTL summary data, with variants that are 



located upstream or downstream 250 kb of selected loci being included in the colocalization test, 
regardless of their significance. To avoid selection bias, a non-select approach was employed, with a test 
window in 500kb and all variants within this window would be included in colocalization test without 
pre-selection based on their significance. The window was shifted by 10 kb per time until all 
chromosomes were scanned. Variants with posterior probability (PP4) > 0.95 in both methods of 
colocalization are considered as colocalization signals (one common causal variants for traits). 

Epigenome-wide association study 

The associations between CpG sites and treatment response (PANSS reduction rate) were examined 
through an epigenome-wide association study (EWAS) utilizing OSCA (OmicS-data-based Complex 
trait Analysis) software [19]. The EWAS employed the approximate MOMENT model (Multi-
component MLM-based association excluding the target), recommended by OSCA, to test the 
associations. Sex, drug, age at trial entry, principal components that explained the 90% variance in 
genotype, methylation profiling batch number, and cell count measures of CD8 T cells, CD4T cells, 
natural killer cells, B cells, monocytes, and granulocyte estimated by DNA Methylation Age Calculator 
(https://dnamage.genetics.ucla.edu) served as covariates. The thresholds of epigenome-wide significance 
and suggestive-level significance were set to P < 5×10-8 and 1×10-5, respectively. 

Epigenome-wide differential methylation analysis 

Region-level differential methylation analysis was performed to detect differentially methylate with 
"ChAMP.DMR" function from ChAMP package in R and "Bumphunter" algorithm with parameters as 
(1) Δbeta > 0.1 (Δbeta=beta valuegroup A- beta valuegroup B; (2) 1000 times of bootstrapping for reducing 
the bias in sampling; (3) beta value smoothing was performed for each CpG site; (4) P-values were 
corrected by the Benjamini-Hochberg method, with the threshold set at an adjusted P-value < 0.01. For 
each DMR, a minimum number of three consecutive CpG sites were required to constitute a DMR. Gene 
ontology analysis in DMR genes was conducted by g:Profiler [20]. 

Prediction of promoter-anchored chromatin interaction 

We use an analytical approach to predict promoter-anchored chromatin interaction (PAI) based on two 
recently developed methods, the summary-data–based Mendelian randomization (SMR) test and the 
heterogeneity in dependent instruments test (HEIDI) [21]. In PAI prediction, a probe within the promoter 
regions (the first exon, 5’UTR, transcription start site 200, transcription start site 1500) was considered 
as the exposure probe; a probe within 500 kb of the exposure probe was considered as the outcome probe. 
We used SMR to test whether the association of DNAm level between exposure probe and outcome 
probe is due to a set of shared causal variants and applied the HEIDI test to distinguish the pleiotropic 
effect from the linkage. The detected PAI with PSMR < 0.05 and PHEIDI > 0.1 was considered as significant. 
For more specific methods, please see the description by Wu et al. [21]. 
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