Title: What Genes are Differentially Expressed in Individuals with Schizophrenia? A systematic review.
Supplementary information
Literature search information
In our effort to find all of the studies that had investigated differential expression of genes in schizophrenia, we searched PubMed, EMBASE, and Web of Science electronic bibliographic databases with the following search terms:

PubMed:
"Schizophrenia"[MeSH] AND ("Transcriptome"[MeSH] OR "Transcription"[MeSH] OR "Sequence Analysis, RNA"[MeSH] OR "Microarray Analysis"[MeSH]) AND "humans"[MeSH Terms] AND "case-control studies"[MeSH Terms]) AND "humans"[MeSH Terms]

EmBase:
('schizophrenia'/exp OR schizophrenia) AND ('transcriptome'/exp OR transcriptome OR 'microarray analysis'/exp OR 'microarray analysis' OR 'rna sequence'/exp OR 'rna sequence' OR 'gene expression'/exp OR 'gene expression') AND ('case control study'/exp OR 'case control study') AND 'human'/de AND 'article'/it

Web of Science:
TS=(Schizophr* AND (Transcriptome OR Transcription OR "Microarray Analysis" OR "RNA sequence") )) AND LANGUAGE: (English) AND DOCUMENT TYPES: (Article)
Refined by: TOPIC: (case control)
Timespan: 2000-2020

We included case-control studies comparing the transcriptome of individuals diagnosed with schizophrenia (using any recognized standard diagnostic criteria) to healthy controls. Intervention studies were excluded. Only human studies were included, and animal studies were excluded. Studies were limited to English language publications. We considered all measures of effect, which were typically regression beta coefficients or ratio measures (e.g., fold change in expression between cases and controls). No other outcomes were considered.
Data extraction and coding
Data was extracted using a standard coding form for the studies that met inclusion criteria. Extracted information included: 
Sample size, including the number of cases and controls
Diagnosis
Type of tissue used
Methodology (how gene expression was measured)
Covariates
Age range
% male and female
Major findings

It was required that gene nomenclature was standardized in order to compare results across studies. The majority of studies reported their results using HUGO gene symbols, so studies that used alternative nomenclature (i.e., gene name, Ensembl ID) were converted to HUGO symbols via Bioconductor R Packages, the DAVID Gene ID Conversion Tool (https://david.abcc.ncifcrf.gov/conversion.jsp), or BioMart (http://www.biomart.org/).

Data collection forms and analytic code are available upon request from the corresponding author.

Supplementary table 1: 6771 unique genes reported as statistically significantly differentially expressed in schizophrenia cases
The list of genes found to be statistically significantly differentially expressed in any of the studies reviewed here is shown in supplementary table 1.

Supplementary table 2:  Study covariates
As noted in the main manuscript, there are several factors that may impact gene expression that should be included in gene expression studies.1 We recorded whether the studies reviewed considered age, sex, race, or genetic ancestry principal components, medication usage, smoking status, and batch as covariates. In addition, for the post-mortem brain studies, we recorded if the authors reported the cause of death and post-mortem interval. This information is shown in supplementary table 2.

Supplementary table 3: Genes with differential expression reported in three or more schizophrenia gene expression studies and also in current versus never smokers
The Huan et al.2 meta-analysis of transcriptome-wide gene expression using whole blood-derived RNA in six cohorts (N=10,233 European ancestry participants) identified associations between smoking and altered gene expression levels. They identified 1270 differentially expressed genes in current versus never smokers at a false discovery rate (FDR)<0.1. The overlap between those genes and the genes found in three or more studies in this review are shown in Supplementary Table 3. The meta-analytic results from Huan et al. are presented.

Supplementary table 4: PRSIMA 2020 Checklist


Supplementary figure 1 is an expanded version of the expression summary by tissue plot that appears in the main manuscript. This plot includes genes that are differentially expressed in three or more studies. Genes that appear three times are shown in green, four times are shown in blue, and five times are shown in purple. A consistent direction of expression is indicated by the darker shade.

Supplementary figure 2 shows genes that were differentially expressed in three or more studies by the technology used to quantify gene expression. As in supplementary figure 1, genes that appear three times are shown in green, four times are shown in blue, and five times are shown in purple. A consistent direction of expression is indicated by the darker shade.
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Supplementary Table 2: Study Covariates
	
	Author
	Year
	Sex/
gender
	Race/
ethnicity
	Ancestry 
PCs
	Smoking status
	Medication 
usage
	Sample quality
	Batch Effects
	Cause of death
	Post-mortem interval

	Blood
	Bousman3
	2010
	Yes
	No
	No
	No
	Yes
	No
	No
	N/A
	N/A

	
	Chen4
	2016
	Yes
	Yes
	No
	No
	No
	No
	No
	N/A
	N/A

	
	Gardiner5
	2012
	Yes
	No
	No
	No
	No
	Yes
	Yes
	N/A
	N/A

	
	Kuzman6
	2009
	Yes
	No
	No
	No
	No
	No
	No
	N/A
	N/A

	
	Lee7
	2012
	Yes
	Yes
	No
	No
	No
	No
	No
	N/A
	N/A

	
	Leirer8
	2019
	Yes
	Yes
	No
	No
	No
	No
	No
	N/A
	N/A

	
	Wei9
	2015
	Yes
	No
	No
	Yes
	No
	No
	No
	N/A
	N/A

	
	Wu10
	2016
	No
	No
	No
	No
	No
	Yes
	No
	N/A
	N/A

	
	Yu11
	2015
	Yes
	No
	No
	No
	No
	No
	No
	N/A
	N/A

	
	Zhang12
	2015
	No
	No
	No
	No
	No
	No
	No
	N/A
	N/A

	Brain
	Altar13
	2005
	Yes
	Yes
	No
	No
	No
	Yes
	No
	Yes
	Yes

	
	Collado-Torres14
	2019
	Yes
	Yes
	Yes
	No
	No
	Yes
	No
	No
	Yes

	
	Harris15
	2008
	Yes
	No
	No
	No
	Yes
	Yes
	No
	No
	Yes

	
	Hauberg16
	2019
	Yes
	No
	Yes
	No
	No
	Yes
	Yes
	No
	Yes

	
	Huckins17
	2019
	No
	No
	Yes
	No
	No
	Yes
	Yes
	No
	No

	
	Hwang18
	2013
	Yes
	No
	No
	Yes
	Yes
	Yes
	No
	No
	Yes

	
	Liu19
	2018
	Yes
	No
	No
	No
	No
	No
	No
	Yes
	No

	
	Mudge20
	2008
	N/A
	No
	No
	No
	No
	Yes
	Yes
	Yes
	Yes

	
	Schmitt21
	2012
	Yes
	No
	Yes
	No
	Yes
	Yes
	No
	No
	Yes

	
	Sellmann22
	2014
	No
	No
	Yes
	No
	No
	No
	No
	No
	No

	
	Tian23
	2018
	Yes
	No
	No
	No
	No
	No
	No
	No
	Yes

	
	Wu24
	2012
	Yes
	No
	No
	No
	No
	No
	No
	No
	No

	Other
	Cattane25
	2015
	No
	No
	No
	No
	No
	No
	Yes
	N/A
	N/A

	
	Lin26
	2016
	No
	No
	No
	No
	No
	No
	Yes
	N/A
	N/A

	
	Sanders27
	2017
	Yes
	No
	No
	No
	No
	Yes
	Yes
	N/A
	N/A

	
	Sanders28
	2013
	Yes
	No
	Yes
	No
	No
	Yes
	Yes
	N/A
	N/A



Supplementary Table 3: Genes with differential expression reported in three or more schizophrenia gene expression studies and also in current versus never smokers

	Gene Symbol
	Entrez Gene ID
	CHR
	Meta Beta
	Meta SE
	Meta z-value
	Meta p-value
	Meta FDR

	ATP1B1
	481
	1
	-0.0219675
	0.00610949
	-3.5956276
	0.00032361
	0.01365255

	BIRC3
	330
	11
	0.03999906
	0.00806266
	4.96102409
	7.01E-07
	8.15E-05

	CD47
	961
	3
	-0.0320851
	0.00987904
	-3.2477933
	0.00116304
	0.03488001

	FBXO32
	114907
	8
	0.01405881
	0.00489938
	2.86950834
	0.00411111
	0.08686612

	GBP2
	2634
	1
	-0.0511487
	0.01698621
	-3.011191
	0.00260225
	0.06320206

	HINT1
	3094
	5
	0.09083224
	0.02038169
	4.45656059
	8.33E-06
	0.00068526

	HSP90AB1
	3326
	6
	0.04997625
	0.0131471
	3.80131265
	0.00014393
	0.00721152

	JAZF1
	221895
	7
	-0.0671311
	0.01829879
	-3.6686094
	0.00024387
	0.01087337

	MED28
	80306
	4
	0.05044621
	0.01103808
	4.57019775
	4.87E-06
	0.00042919

	MT2A
	4502
	16
	-0.0755701
	0.02649979
	-2.8517247
	0.00434827
	0.09013243

	NRGN
	4900
	11
	-0.1176167
	0.03078901
	-3.8200854
	0.00013341
	0.00683417

	PTGS1
	5742
	9
	-0.0266525
	0.00883439
	-3.0169071
	0.00255368
	0.06223544

	RAB3IP
	117177
	12
	0.02688748
	0.00850465
	3.16150489
	0.00156956
	0.04387432

	RPL35
	11224
	9
	0.05829652
	0.01408656
	4.1384505
	3.50E-05
	0.00227978

	RPS14
	6208
	5
	0.06889929
	0.01056334
	6.52249054
	6.91E-11
	1.97E-08

	RPS5
	6193
	19
	0.06458133
	0.01575902
	4.09805487
	4.17E-05
	0.00266117

	RPS9
	6203
	19
	0.05075256
	0.01230118
	4.12582913
	3.69E-05
	0.00238373

	SLC25A37
	51312
	8
	-0.0907374
	0.02134356
	-4.2512764
	2.13E-05
	0.001478

	SNCA
	6622
	4
	-0.1110488
	0.02429895
	-4.5701077
	4.87E-06
	0.00042919

	SNHG5
	387066
	6
	0.07924249
	0.02359984
	3.35775501
	0.00078578
	0.02672724

	TMEM204
	79652
	16
	0.08906825
	0.01687173
	5.27914029
	1.30E-07
	1.88E-05

	TPM2
	7169
	9
	0.01713145
	0.00581416
	2.94650769
	0.00321384
	0.07320682

	UQCRH
	7388
	1
	0.03837091
	0.01219087
	3.14751286
	0.00164666
	0.04537259

	ZNF358
	140467
	19
	0.04261642
	0.01365527
	3.12087748
	0.00180313
	0.04830542


CHR=Chromosome; FDR=False discovery rate; SE=Standard error
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Supplementary Figure 1: Differentially expressed genes by tissue source
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Supplementary Figure 2: Differentially expressed genes by the technology used to quantify gene expression
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