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Supplementary methods
Brain expression quantitative trait loci (eQTL) data 
Briefly, we utilized PolyA+ RNA-seq eQTL results in the DLPFC tissues of 467 Europeans(https://www.synapse.org/#!Synapse:syn2759792/wiki/69613)). The gene expression was adjusted for diagnosis, institution, sex, age of disease onset, PMI, RNA integrity number (RIN), RIN2, clustered LIB, and 20 surrogate variables, and eQTL was calculated according to the formula: adjusted gene expression ~ SNP + ancestry vectors + diagnosis. We also used brain eQTL from GTEx and BrainSeq Phase 2 data to validate our results. For GTEx eQTL data (v7) , the eQTL association results of frontal cortex tissues (BA9) from 175 individuals from GTEx (https://www.gtexportal.org/) were also used in the current analysis(Aguet et al., 2017). These results were derived through linear regression analyses covaring top three genotyping principal components, gender, genotyping platforms, and additional covariates. For the BrainSeq Phase 2 data (http://eqtl.brainseq.org/phase2/eqtl/), a RiboZero RNA-seq eQTL dataset (Wang et al., 2018) were retrieve d from human DLPFC tissues of 397 individuals aged 13 or older. MatrixEQTL(Shabalin, 2012) was used to identify eQTL for gene-level expression based on the for- mula: log2(RPKM + 1) ~ SNP + diagnosis + sex + SNP PCs + expression PCs. 
Transcriptome-wide association analysis 
For a given gene, SNP-expression weights in the cis-locus were computed using the best prediction model and FUSION typically restricts the cis-locus to 500kb boundary on either side of the gene. We used a strict Bonferroni-corrected P threshold to correct TWAS significant genes (i.e., TWAS P value = 3.95 × 10−6 (0.05/12,647)) (total number of genes across panels). The principles and detailed procedures of FUSION were provided in the original paper(Gusev et al., 2016).
Conditional and joint analysis 
To evaluate the joint/conditional gene model, marginal association statistics (i.e., the main TWAS results) and a correlation/LD matrix are required. Each schizophrenia GWAS SNP association was conditioned on the joint gene model (one SNP at a time). The permutation test was used in conditional and joint analysis, with a maximum of 100,000 permutations and an initiate permutation P-value threshold of 0.05 for each feature. “FUSION.post_process.R” script was used for post-processing and generating multiple conditional output plots along with summary statistics(Gusev et al., 2016). 
Sherlock integrative analysis
By integrating the GWAS associations and the eQTL data from a related tissue, Sherlock can identify genes whose expression change may play a role in disease risk(He et al., 2013). For a given gene, there may be many variants in the genome affecting its expression (expression SNPs, eSNPs). A change of genotype at any of these eSNPs would lead to mRNA expression change of the gene, which could, in turn, affect the disease risk. Sherlock computes the logarithm of Bayes factor (LBF) score for each eSNP of the gene being tested to reflect the association strength between SNP and disease. We set the P thresholds for cis and trans association recommended by the default settings of Sherlock. More detailed information about the principle of Sherlock, statistical model, LBF calculation can be found in the paper by He and colleagues(He et al., 2013). 
Spatio-temporal expression pattern analysis of TWAS SCZ genes 
For a specific brain developmental stage, the mean expression level of all the genes in a geneset was represented as the expression level of the geneset at this stage. The gene-expression level was measured by RPKM (read per kilobase per million mapped reads) and two genesets implicated by TWAS analysis were used in this study.
Association of TWS genes with cognitive function 
All individuals were aged between 16 and 102 years. Exclusion criteria included clinical stroke (including self-reported stroke) or prevalent dementia. All participants finished 13 multiple-choice questions that assessed verbal and numerical reasoning. The VNR score was the number of questions answered correctly in 2 min. This test has been shown to have adequate testretest reliability (r = 0.65) and internal consistency (Cronbach α = 0.62)(Davies et al., 2018).
Association of the TWAS SCZ genes with striatal volume
We explored the association between eSNPs identified by TWS and striatal structure in a total of 13,717 healthy subjects from ENIGMA(Hibar et al., 2015). To uncover the genetic variants influencing human subcortical brain structures, the ENIGMA consortium performed a large-scale meta-analysis by combing magnetic resonance imaging (MRI) scans and genome-wide genetic information from multiple sites (a total of 13,717 normal subjects) (Hibar et al., 2015). 
Association of polygenic risk of TWS genes with the white matter integrity of cingulum hippocampus
Genotyping. The quality control of genomic data followed the routine procedures: SNPs were filtered based on unmatched sex information between genomic sex status and self-reported gender information, missing genotype rate (≥3%), heterozygosity (≥ 3rd standard deviations), Hardy-Weinberg equilibrium (P < 0.001) and common frequency (MAF > 0.01). Following the systematic quality controlling, we chose haplotype reference panel (HRC) on the platform of Michigan Imputation Server to impute missing genotypes, followed by a brief quality control steps including the filtering of imputation quality (info ≥ 0.3), missing genotype rate (≥ 3%) and major allele frequency (MAF > 0.01). Quality control was implemented using PLINK 1.9(Chang et al., 2015), and population stratification analysis was carried out using EIGENSTRAT (Price et al., 2006). 

Magnetic resonance images (MRI) scanning. T1-weighted, spoiled gradient sequence brain imaging was performed with the following parameters: (TR=8.5 ms, TE=3.5 ms, flip angle=12°) with a 240 × 240 matrix over a field of view of 240 × 240 mm and slice thickness of 1 mm. In total, 188 axial slices were collected. Diffusion tensor imaging data were acquired using a spin-echo echo-planar imaging sequence with the following parameters: 32 diffusion gradient directions, b-values of 0 and 1000 mm-2, a repetition time (TR) of 10,295 ms, an echo time (TE) of 92 ms, an acquisition matrix size of 128 × 128, an acquisition voxel size 2 × 2 × 2 mm3, and 75 slices throughout the whole brain. All the scans were reviewed by an experienced neuroradiologist to exclude gross brain abnormalities.

DTI Processing and Automatic Tract Identification. Whole-data processing steps have been outlined elsewhere(Yeatman, Richie-Halford, Smith, Keshavan, & Rokem, 2018).The identification procedure of AFQ involved three primary steps: (1) whole-brain fiber tractography; (2) waypoint ROI-based fiber tract segmentation; and (3) cleaning and refinement of fiber tracts based on a probabilistic fiber tract atlas(Sarica et al., 2017). The resulting tract profiles were visually inspected to exclude patients with obvious calculation errors in fiber reconstruction or identification and then smoothed using a 10-point moving average to reduce local dramatic variation caused by imaging noise. 





	Table S1. Transcriptome-wide significant schizophrenia risk genes identified in CMC data set.

	Implicated genes
	Chr
	Tissue
	Best eQTLa
	Direction Z-scoreb
	TWAS P-value

	
	
	
	
	
	

	C2orf47
	2
	DLPFC
	rs769949
	-8.559
	1.14E-17

	PCCB
	3
	DLPFC
	rs940174
	-8.528
	1.49E-17

	DDAH2
	6
	DLPFC
	rs1144708
	8.05
	8.28E-16

	MPHOSPH9
	12
	DLPFC
	rs7296418
	-7.907742
	2.62E-15

	SETD8
	12
	DLPFC
	rs28533432
	-7.244371
	4.34E-13

	TYW5
	2
	DLPFC
	rs281767
	-6.926
	4.33E-12

	DDHD2
	8
	DLPFC
	rs2306899
	-6.791
	1.11E-11

	NEK4
	3
	DLPFC
	rs2083180
	6.629262
	3.37E-11

	CEP170
	1
	DLPFC
	rs2024145
	6.44987
	1.12E-10

	EIF4EBP1
	8
	DLPFC
	rs28377666
	6.3745
	1.84E-10

	EMB
	5
	DLPFC
	rs1328254
	6.3045
	2.89E-10

	HSPA1L
	6
	DLPFC
	rs2072632
	-6.2811
	3.36E-10

	CLCN3
	4
	DLPFC
	rs10520163
	6.178
	6.49E-10

	PCDHA2
	5
	DLPFC
	rs778597
	6.1481
	7.84E-10

	NDUFA2
	5
	DLPFC
	rs12659980
	-6.1357
	8.48E-10

	GLT8D1
	3
	DLPFC
	rs13079063
	-6.118
	9.48E-10

	PTBP2
	1
	DLPFC
	rs17525106
	6.10074
	1.06E-09

	CORO7
	16
	DLPFC
	rs6500596
	-6.077
	1.22E-09

	FURIN
	15
	DLPFC
	rs4702
	-6.0614
	1.35E-09

	PCDHA7
	5
	DLPFC
	rs12659980
	5.972
	2.34E-09

	SF3B1
	2
	DLPFC
	rs3792159
	5.9691
	2.38E-09

	MAN2A1
	5
	DLPFC
	rs2301004
	5.853
	4.83E-09

	SNAP91
	6
	DLPFC
	rs12193281
	5.7323
	9.91E-09

	NT5C2
	10
	DLPFC
	rs1891292
	-5.66408
	1.48E-08

	TMEM110
	3
	DLPFC
	rs9876403
	-5.651
	1.60E-08

	FAM53C
	5
	DLPFC
	rs2240330
	-5.6211
	1.90E-08

	STAR
	8
	DLPFC
	rs2932005
	-5.5966
	2.19E-08

	LOC100507140
	2
	DLPFC
	rs11686992
	-5.579
	2.42E-08

	FANCL
	2
	DLPFC
	rs11682175
	-5.5747
	2.48E-08

	ATF6B
	6
	DLPFC
	rs2072632
	5.549
	2.87E-08

	THOC7
	3
	DLPFC
	rs832187
	-5.495
	3.91E-08

	CNTN4
	3
	DLPFC
	rs2174019
	5.492767
	3.96E-08

	LOC388152
	15
	DLPFC
	rs11635505
	5.4877
	4.07E-08

	ZMAT2
	5
	DLPFC
	rs801183
	5.468
	4.55E-08

	CPNE7
	16
	DLPFC
	rs459920
	-5.44281
	5.24E-08

	ITIH4
	3
	DLPFC
	rs13083728
	-5.369461
	7.90E-08

	CALN1
	7
	DLPFC
	rs2968538
	5.367
	8.01E-08

	LIN28B
	6
	DLPFC
	rs4946651
	5.286
	1.25E-07

	MCHR1
	22
	DLPFC
	rs133076
	-5.2759
	1.32E-07

	SDCCAG8
	1
	DLPFC
	rs2636320
	5.27295
	1.34E-07

	AKAP10
	17
	DLPFC
	rs7207625
	5.173
	2.30E-07

	NAGA
	22
	DLPFC
	rs133367
	5.1566
	2.51E-07

	DOC2A
	16
	DLPFC
	rs8049837
	5.09678
	3.45E-07

	SLC9B1
	4
	DLPFC
	rs7698608
	-5.08635
	3.65E-07

	LOC100505876
	2
	DLPFC
	rs6734118
	5.0443
	4.55E-07

	DRG2
	17
	DLPFC
	rs854814
	5.02348
	5.07E-07

	VPS37A
	8
	DLPFC
	rs2959612
	-5.0107
	5.42E-07

	FAM109B
	22
	DLPFC
	rs133367
	4.9454
	7.60E-07

	NEURL
	10
	DLPFC
	rs729211
	-4.94432
	7.64E-07

	RILPL1
	12
	DLPFC
	rs1727302
	4.92649
	8.37E-07

	GPR124
	8
	DLPFC
	rs4976897
	-4.9137
	8.94E-07

	CUL9
	6
	DLPFC
	rs6924555
	4.8951
	9.82E-07

	CCDC62
	12
	DLPFC
	rs1696320
	-4.844595
	1.27E-06

	MED8
	1
	DLPFC
	rs11210892
	-4.80216
	1.57E-06

	ELAC2
	17
	DLPFC
	rs1044569
	4.78309
	1.73E-06

	GATAD2A
	19
	DLPFC
	rs10422819
	-4.763
	1.91E-06

	IK
	5
	DLPFC
	rs811382
	4.7546
	1.99E-06

	PCDHAC1
	5
	DLPFC
	rs753279
	4.74
	2.14E-06

	TOM1L2
	17
	DLPFC
	rs9915248
	-4.67553
	2.93E-06

	XPNPEP3
	22
	DLPFC
	rs138354
	4.6714
	2.99E-06

	ENDOG
	9
	DLPFC
	rs2997922
	4.667
	3.06E-06

	LY6H
	8
	DLPFC
	rs7835528
	4.6424
	3.44E-06

	PSMA4
	15
	DLPFC
	rs9788682
	4.6351
	3.57E-06

	PCDHA8
	5
	DLPFC
	rs10038174
	4.6171
	3.89E-06

	aThe SNP with the best eQTL in the locus.

	bThe TWAS effect-size (i.e., Z-score) is an estimate of the genetic covariance between gene expression and the GWAS trait, and the direction of effect is informative of this relationship. A positive Z-score suggests that over-expression of the gene leads to an increase in the phenotype (and vice versa). 



	Table S2. Transcriptome-wide significant schizophrenia risk genes identified in GTEx data set

	Implicated genes
	Chr
	Tissue
	Best eQTLa
	Direction Z-scoreb
	TWAS P-value

	
	
	
	
	
	

	RNF5
	6
	DLPFC
	rs652888
	8.5462
	1.27E-17

	TYW5
	2
	DLPFC
	rs12613687
	-7.8244
	5.10E-15

	DNAJC19
	3
	DLPFC
	rs4456860
	7.786
	6.92E-15

	RP11-102M11.2
	3
	DLPFC
	rs1681817
	-7.445
	9.69E-14

	CYP21A1P
	6
	DLPFC
	rs1150755
	7.3763
	1.63E-13

	BAG6
	6
	DLPFC
	rs707939
	7.234
	4.69E-13

	GNL3
	3
	DLPFC
	rs13083798
	7
	2.56E-12

	C4A
	6
	DLPFC
	rs3101018
	6.9565
	3.49E-12

	DDAH2
	6
	DLPFC
	rs707938
	6.796
	1.08E-11

	RP11-600F24.7
	14
	DLPFC
	rs1535099
	6.78427
	1.17E-11

	EIF5
	14
	DLPFC
	rs2273175
	-6.682
	2.36E-11

	GLT8D1
	3
	DLPFC
	rs6778844
	-6.26
	3.85E-10

	DNM1P51
	15
	DLPFC
	rs11638297
	-6.218
	5.04E-10

	ITIH4
	3
	DLPFC
	rs6445539
	-6.084
	1.17E-09

	CORO7
	16
	DLPFC
	rs6500596
	-6.077
	1.22E-09

	DDHD2
	8
	DLPFC
	rs16887273
	-5.9735
	2.32E-09

	AS3MT
	10
	DLPFC
	rs7085104
	5.881
	4.08E-09

	VPS45
	1
	DLPFC
	rs12067422
	-5.877
	4.18E-09

	THOC7
	3
	DLPFC
	rs832187
	-5.84853
	4.96E-09

	TMEM110
	3
	DLPFC
	rs2255107
	-5.78519
	7.24E-09

	PCDHA10
	5
	DLPFC
	rs3733708
	5.7399
	9.48E-09

	SFMBT1
	3
	DLPFC
	rs6794389
	-5.71222
	1.12E-08

	CDIP1
	16
	DLPFC
	rs9929475
	5.55
	2.86E-08

	PCDHA8
	5
	DLPFC
	rs2563265
	5.5422
	2.99E-08

	AC103965.1
	15
	DLPFC
	rs11635505
	5.4429
	5.24E-08

	PCDHA2
	5
	DLPFC
	rs801185
	5.413
	6.20E-08

	MICB
	6
	DLPFC
	rs2516412
	-5.4124
	6.22E-08

	AC007092.1
	2
	DLPFC
	rs4672251
	-5.2752
	1.33E-07

	GOLGA6L9
	15
	DLPFC
	rs7167880
	-5.218
	1.81E-07

	GIGYF1
	7
	DLPFC
	rs221784
	5.21684
	1.82E-07

	LRRN2
	1
	DLPFC
	rs1006054
	-5.1825
	2.19E-07

	FAM86B3P
	8
	DLPFC
	rs2980436
	-5.1526
	2.57E-07

	RP11-806K15.1
	4
	DLPFC
	rs7673823
	-5.0955
	3.48E-07

	HLA-DQB1
	6
	DLPFC
	rs3891175
	5.0922
	3.54E-07

	FTSJ2
	7
	DLPFC
	rs7799006
	-4.984
	6.23E-07

	LRRC37A
	17
	DLPFC
	rs199454
	-4.93094
	8.18E-07

	RP11-671M22.4
	15
	DLPFC
	rs7164141
	-4.884
	1.04E-06

	AC110781.3
	7
	DLPFC
	rs6957894
	4.84921
	1.24E-06

	RP4-605O3.4
	12
	DLPFC
	rs7136570
	4.8252
	1.40E-06

	ELAC2
	17
	DLPFC
	rs1044569
	4.779
	1.76E-06

	PRR12
	19
	DLPFC
	rs7251877
	-4.703
	2.56E-06

	FAM85B
	8
	DLPFC
	rs2980436
	-4.6397
	3.49E-06

	aThe SNP with the best eQTL in the locus.
bThe TWAS effect-size (i.e., Z-score) is an estimate of the genetic covariance between gene expression and the GWAS trait, and the direction of effect is informative of this relationship. A positive Z-score suggests that over-expression of the gene leads to an increase in the phenotype (and vice versa). 





	Table S3. Transcriptome-wide significant schizophrenia risk genes identified in BrainSeq2 data set

	Implicated genes
	Chr
	Tissue
	Best eQTLa
	Direction Z-scoreb
	TWAS P-value

	
	
	
	
	
	

	CNNM2
	10
	DLPFC
	rs10748835
	-9.02932
	1.73E-19

	C4A
	6
	DLPFC
	rs1150753
	8.462349
	2.62E-17

	TYW5
	2
	DLPFC
	rs281767
	-8.2194
	2.04E-16

	HLA-DMA
	6
	DLPFC
	rs7383287
	-8.215028
	2.12E-16

	PCCB
	3
	DLPFC
	rs1153877
	-7.664905
	1.79E-14

	C12orf65
	12
	DLPFC
	rs3759111
	7.5988
	2.99E-14

	SPCS1
	3
	DLPFC
	rs2590838
	-7.509561
	5.93E-14

	CSNK2B
	6
	DLPFC
	rs2075800
	-7.362203
	1.81E-13

	AC243562.2
	15
	DLPFC
	rs950169
	-7.34155
	2.11E-13

	SNAP91
	6
	DLPFC
	rs217308
	7.334
	2.23E-13

	GNL3
	3
	DLPFC
	rs1108842
	7.166
	7.72E-13

	DDAH2
	6
	DLPFC
	rs1144708
	7.038
	1.95E-12

	DDHD2
	8
	DLPFC
	rs6981405
	-7.01
	2.38E-12

	HLA-DPA1
	6
	DLPFC
	rs2247385
	6.969576
	3.18E-12

	SATB2-AS1
	2
	DLPFC
	rs281767
	6.926
	4.33E-12

	LETM2
	8
	DLPFC
	rs16887244
	-6.621
	3.57E-11

	SNORA38
	6
	DLPFC
	rs2075800
	-6.596159
	4.22E-11

	LINC00222
	6
	DLPFC
	rs2022464
	-6.587
	4.49E-11

	AC243562.1
	15
	DLPFC
	rs17300048
	-6.58321
	4.60E-11

	VARS2
	6
	DLPFC
	rs2233955
	6.57526
	4.86E-11

	RPS15AP29
	10
	DLPFC
	rs11191560
	-6.572
	4.96E-11

	ATG13
	11
	DLPFC
	rs7932866
	-6.507
	7.67E-11

	CYP17A1-AS1
	10
	DLPFC
	rs284858
	-6.47344
	9.58E-11

	WBP1L
	10
	DLPFC
	rs284858
	-6.39213
	1.64E-10

	PCDHA7
	5
	DLPFC
	rs10050455
	6.371
	1.88E-10

	TARS2
	1
	DLPFC
	rs12116970
	-6.37E+00
	1.89E-10

	BAG6
	6
	DLPFC
	rs2075800
	6.314276
	2.71E-10

	NEK4
	3
	DLPFC
	rs13071584
	6.263227
	3.77E-10

	AL049840.3
	14
	DLPFC
	rs3742465
	6.159078
	7.32E-10

	INA
	10
	DLPFC
	rs4918003
	-6.1326
	8.65E-10

	ZMAT2
	5
	DLPFC
	rs3756341
	6.11898
	9.42E-10

	GLT8D1
	3
	DLPFC
	rs13071584
	-6.099508
	1.06E-09

	PCDHA8
	5
	DLPFC
	rs10038174
	6.0678
	1.30E-09

	MAN2A1
	5
	DLPFC
	rs845734
	6.06696
	1.30E-09

	VPS45
	1
	DLPFC
	rs12063329
	-6.03E+00
	1.69E-09

	BRD2
	6
	DLPFC
	rs209474
	-5.957771
	2.56E-09

	ASPHD1
	16
	DLPFC
	rs4420550
	-5.935
	2.94E-09

	CORO7
	16
	DLPFC
	rs11076830
	-5.8815
	4.06E-09

	EMB
	5
	DLPFC
	rs13186891
	5.83786
	5.29E-09

	IP6K3
	6
	DLPFC
	rs1536501
	5.785232
	7.24E-09

	CTSS
	1
	DLPFC
	rs11204698
	5.79E+00
	7.24E-09

	SLC9B1
	4
	DLPFC
	rs223482
	-5.755
	8.66E-09

	RP11-282O18.3
	12
	DLPFC
	rs1463877
	-5.743
	9.30E-09

	MAU2
	19
	DLPFC
	rs4808200
	-5.714543
	1.10E-08

	SF3B1
	2
	DLPFC
	rs788023
	5.7
	1.20E-08

	PTBP2
	1
	DLPFC
	rs7517818
	5.66E+00
	1.50E-08

	INO80E
	16
	DLPFC
	rs4583255
	5.6614
	1.50E-08

	NAGA
	22
	DLPFC
	rs4147638
	5.5241
	3.31E-08

	IK
	5
	DLPFC
	rs811382
	5.37558
	7.63E-08

	SFMBT1
	3
	DLPFC
	rs9870898
	-5.372
	7.79E-08

	LRRC37A
	17
	DLPFC
	rs16940665
	-5.34851
	8.87E-08

	DARS2
	1
	DLPFC
	rs6425258
	5.34E+00
	9.34E-08

	LIN28B
	6
	DLPFC
	rs1475120
	5.324
	1.02E-07

	PAPPA2
	1
	DLPFC
	rs704833
	-5.29E+00
	1.25E-07

	ADAM10
	15
	DLPFC
	rs1427281
	5.275
	1.33E-07

	THOC7
	3
	DLPFC
	rs7615475
	-5.206612
	1.92E-07

	SNX19
	11
	DLPFC
	rs3751039
	5.18037
	2.21E-07

	AC090578.1
	8
	DLPFC
	rs1352318
	-5.181
	2.21E-07

	SLC9C2
	1
	DLPFC
	rs1475306
	-5.16E+00
	2.52E-07

	FTCDNL1
	2
	DLPFC
	rs281783
	-5.1498
	2.61E-07

	RPS17
	15
	DLPFC
	rs1267659
	-5.148
	2.63E-07

	PLPP5
	8
	DLPFC
	rs12674515
	-5.13678
	2.79E-07

	PCNX1
	14
	DLPFC
	rs2240341
	-5.129563
	2.90E-07

	WDR55
	5
	DLPFC
	rs2530226
	5.12085
	3.04E-07

	NPIPB12
	16
	DLPFC
	rs4407079
	-5.107
	3.27E-07

	RP11-247A12.7
	9
	DLPFC
	rs4295766
	5.056393
	4.27E-07

	COX8C
	14
	DLPFC
	rs3783890
	5.01946
	5.18E-07

	PHETA2
	22
	DLPFC
	rs6002623
	5.019
	5.19E-07

	CYP2D7
	22
	DLPFC
	rs764481
	4.995
	5.88E-07

	AC023830.3
	16
	DLPFC
	rs2304634
	4.9847
	6.21E-07

	MICB
	6
	DLPFC
	rs2516412
	-4.949004
	7.46E-07

	RP4-669P10.20
	22
	DLPFC
	rs2284087
	4.942
	7.73E-07

	RNU6ATAC16P
	3
	DLPFC
	rs352143
	4.917544
	8.76E-07

	MAPK3
	16
	DLPFC
	rs11865086
	4.9103
	9.09E-07

	HIP1R
	12
	DLPFC
	rs1799618
	-4.9085
	9.18E-07

	MARK3
	14
	DLPFC
	rs3783397
	-4.904
	9.39E-07

	UBE2Q2L
	15
	DLPFC
	rs950169
	4.89998
	9.58E-07

	TOM1L2
	17
	DLPFC
	rs7501812
	-4.9
	9.58E-07

	COA8
	14
	DLPFC
	rs10135248
	-4.893426
	9.91E-07

	FAM86B3P
	8
	DLPFC
	rs712253
	-4.87633
	1.08E-06

	AC011816.1
	3
	DLPFC
	rs4296548
	-4.861206
	1.17E-06

	KCNN3
	1
	DLPFC
	rs6699080
	-4.84E+00
	1.28E-06

	WBP2NL
	22
	DLPFC
	rs7290907
	4.8084
	1.52E-06

	LSMEM2
	3
	DLPFC
	rs6776145
	4.795
	1.63E-06

	VPS29
	12
	DLPFC
	rs4766500
	-4.788
	1.68E-06

	ELAC2
	17
	DLPFC
	rs1044569
	4.779
	1.76E-06

	HAT1
	2
	DLPFC
	rs7584187
	-4.7586
	1.95E-06

	CYP7B1
	8
	DLPFC
	rs10112206
	-4.73077
	2.24E-06

	SDCCAG8
	1
	DLPFC
	rs953492
	4.70E+00
	2.58E-06

	SETD6
	16
	DLPFC
	rs7201946
	-4.6962
	2.65E-06

	LINC00634
	22
	DLPFC
	rs133367
	4.6961
	2.65E-06

	HLA-DPB2
	6
	DLPFC
	rs2855430
	4.694731
	2.67E-06

	GID4
	17
	DLPFC
	rs4299203
	4.67263
	2.97E-06

	CLEC18B
	16
	DLPFC
	rs10871290
	4.6709
	3.00E-06

	PTPA
	9
	DLPFC
	rs4295766
	-4.662347
	3.13E-06

	AL671277.2
	6
	DLPFC
	rs375984
	-4.645
	3.40E-06

	NSF
	17
	DLPFC
	rs199454
	-4.63867
	3.51E-06

	aThe SNP with the best eQTL in the locus.
bThe TWAS effect-size (i.e., Z-score) is an estimate of the genetic covariance between gene expression and the GWAS trait, and the direction of effect is informative of this relationship. A positive Z-score suggests that over-expression of the gene leads to an increase in the phenotype (and vice versa). 





	Table S4. TWS-associated genes validated by Sherlock integrative analysis 

	Gene
	Region
	LBFa
	P valueb
	Supporting SNP
	Cis or Trans
	GWAS P valuec
	eQTL P valued
	FDRe

	CORO7
	Chr16:4404543-4475706
	7.16594
	3.38E-06
	rs4785964
	cis
	7.76E-08
	4.03E-08
	＜0.05

	DDAH2
	Chr6:31694815-31698357
	7.34818
	3.38E-06
	rs707938
	cis
	6.04E-06
	1.07E-11
	＜0.05

	DDHD2
	Chr8:38082736-38120351
	7.30636
	3.38E-06
	rs6992943
	cis
	8.37E-07
	8.02E-12
	＜0.05

	ELAC2
	Chr17:12895708-12921504
	5.35148
	2.70E-05
	rs11658321
	cis
	3.12E-13
	4.16E-06
	＜0.05

	GLT8D1
	Chr3:52728509-52739651
	7.4461
	3.38E-06
	rs2268023
	cis
	3.42E-06
	3.66E-09
	＜0.05

	PCDHA8
	Chr5:140220907-140223351
	-0.368088
	0.00911854
	rs151988
	cis
	6.00E-06
	0.00017
	＜0.05

	TYW5
	Chr2:200794698-200813195
	7.37493
	3.38E-06
	rs203772
	cis
	1.83E-08
	2.74E-10
	＜0.05

	aLBF, logarithm of Bayes factor. The LBF score of a gene reflects the association strength between this gene and SCZ. For example, a LBF of 5.0 means that the gene is more likely to be associated with the disease (exp(5.0) = ~148 times) than no association.

	bP value from Sherlock integrative analysis. Larger LBF corresponds to smaller P value. 

	cGWAS P value indicates the association significance between this SNP and SCZ.

	deQTL P value indicates the association significance between this SNP and gene expression in brain.

	eFDR was corrected by Benjamini–Hochberg procedure. 




	Table S5. Differential expression analysis of DLPFC in SCZ and HC.

	Gene
	Genome Position
	T Statistic
	log2FC
	P-value

	CORO7
	Chr16:4404543-4475706
	-3.7
	-0.1105
	0.0003

	DDAH2
	Chr6:31694815-31698357
	2.12
	0.1221
	0.03473

	DDHD2
	Chr8:38082736-38120351
	-2.144
	-0.0277
	0.0328

	ELAC2
	Chr17:12895708-12921504
	2.66
	0.09589
	0.0082

	GLT8D1
	Chr3:52728509-52739651
	-2.796
	-0.3223
	0.00547

	PCDHA8
	Chr5:140220907-140223351
	1.17
	0.05544
	0.2428

	THOC7
	Chr3:63819546-63849579
	2.986
	0.09128
	0.00303

	TYW5
	Chr2:200794698-200813195
	2.875
	0.05558
	0.0043









	Table S6. Association significance between eSNPs of TWS genes and cognitive function in healthy subjects a 

	Gene symbol
	eSNPs
	Allele 1
	Allele 2
	GWAS.P
	TWAS.P
	VNR.P

	DDAH2
	rs1144708
	T
	C
	1.95E-12
	8.28E-16
	0.001804

	
	rs707938
	A
	G
	1.07E-11
	1.08E-11
	2.73E-06

	GLT8D1
	rs13079063
	A
	G
	9.50E-10
	9.48E-10
	3.26E-07

	
	rs6778844
	T
	C
	3.85E-10
	3.85E-10
	3.14E-08

	PCDHA8
	rs10038174
	A
	G
	2.73E-10
	3.89E-06
	3.69E-05

	
	rs2563265
	T
	C
	1.96E-09
	2.99E-08
	5.14E-05

	THOC7
	rs7615475
	A
	G
	1.19E-06
	1.92E-07
	0.001775

	TYW5
	rs281767
	A
	C
	4.34E-12
	4.33E-12
	9.16E-05

	
	rs12613687
	T
	C
	6.20E-12
	5.10E-15
	3.86E-05

	a Association significance was assessed using linear regression model. 








	Table S7. Association significance between eSNPs of TWAS genes and striatum volume in healthy subjects of ENIGMA.

	Gene symbol
	eSNPs
	Allele 1
	Allele 2
	GWAS.P
	TWAS.P
	Putamen.P
	Caudate.P
	Pallidum.P

	DDHD2
	rs2306899
	T
	C
	1.12E-11
	1.11E-11
	7.00E-03
	6.90E-03
	1.51E-03

	
	rs16887273
	G
	A
	6.12E-12
	2.32E-09
	7.25E-03
	7.02E-03
	1.53E-03

	
	rs6981405
	A
	C
	2.38E-12
	2.38E-12
	2.25E-03
	1.79E-02
	6.68E-04



	Table S8. Comparison of demographic and clinical parameters between groups.
	

	　
	SCZ
	HC
	t/X2
	P

	　
	N=105
	N=140
	
	

	Age, year
	22.62(6.56)
	23.74(3.93)
	1.66
	0.1

	Sex, male 
	52(49.5)
	57(40.71)
	1.89
	0.19

	PANSS Total 
	86.47(20.15)
	
	

	Positive PANSS score 
	22.19(6.13)
	
	
	

	Negative PANSS score 
	23.21(8.07)
	
	
	

	General pathology of psychotic symptoms 
	41.07(10.79)
	　
	　

	PANSS, Positive and Negative Syndrome Scale; 
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Supplementary Figure 1. Expression of the TWS genes in SCZ across different developmental stages of the human brain. Data were downloaded from the BrainSpan (http://www.brainspan.org/). Development stages were as follows: stage 1: Embryonic (4–8 PCW, postconception week); stage 2: Early fetal1(8–10 PCW); stage 3: Early fetal2 (10–13 PCW); stage 4: Early mid-fetal1 (13–16 PCW); stage 5: Early mid-fetal2 (16–19 PCW); stage 6: Late mid-fetal (19–24 PCW); stage 7: Late fetal (24–38 PCW); stage 8: Neonatal & early infancy (0–6 M, Month); stage 9: Late infancy (6–12 M); stage 10: Early childhood (1–6 Y, Year); stage 11: Middle and late childhood (6–12 Y); stage 12: Adolescence (12–20 Y); stage 13: Young adulthood (20–40 Y).
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Supplementary Figure 2. Expression of TWS gene CORO7 in human tissues (data from the GTEx(Consortium, 2017)). The x axis shows 54 tissue types. One color indicates one tissue group.

[image: Mac11_zc:DDHD2_ZCC:初稿:FigureS4.pdf]


Supplementary Figure 3. Expression of TWS gene DDAH2 in human tissues (data from the GTEx(Consortium, 2017)). The x axis shows 54 tissue types. One color indicates one tissue group.
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Supplementary Figure 4. Expression of TWS gene DDHD2 in human tissues (data from the GTEx(Consortium, 2017)). The x axis shows 54 tissue types. One color indicates one tissue group.
[image: Mac11_zc:DDHD2_ZCC:初稿:FigureS6.pdf]Supplementary Figure 5. Expression of TWS gene ELAC2 in human tissues (data from the GTEx(Consortium, 2017)). The x axis shows 54 tissue types. One color indicates one tissue group.
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Supplementary Figure 6. Expression of TWS gene PCDHA8 in human tissues (data from the GTEx(Consortium, 2017)). The x axis shows 54 tissue types. One color indicates one tissue group.
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Supplementary Figure 7. Expression of TWS gene GLT8D1 in human tissues (data from the GTEx(Consortium, 2017)). The x axis shows 54 tissue types. One color indicates one tissue group.
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Supplementary Figure 8. Expression of TWS gene THOC7 in human tissues (data from the GTEx(Consortium, 2017)). The x axis shows 54 tissue types. One color indicates one tissue group.
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Supplementary Figure 9. Expression of TWS gene TYW5 in human tissues (data from the GTEx(Consortium, 2017)). The x axis shows 54 tissue types. One color indicates one tissue group.










[image: Mac11_zc:DDHD2_ZCC:初稿:FigureS11.pdf] Supplementary Figure 10. Expression patterns of the eight TWS genes in in developing and adult human brain. The expression data from the BrainSpan(Kang et al., 2011) was used for plotting.
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Supplementary Figure 11. Comparison of the TWS based PRS between schizophrenia patients and normal controls. Specifically, when the value of –log(p) was greater, the difference between the SCZ and HC was more significant.
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