Supplementary Note

Gene differential expression analysis by adjusting age and PMI

We also used DEseq?2 to perform the DE gene analysis by including age and
PMI as covariates. DEseq?2 detected 2994 significant DE genes after
multiple testing correction. Interestingly, this number is much bigger
comparing to analysis without covariates. However, the presented genes
such as HBB, HBA2, HSPAIA, HSPAIB, HSPBI,IFITM1, GBP1, GBP2,
CNRI,HTR2C, NPY, SST, RELN, are still significant. We further performed
function enrichment analysis on the significant genes, and found the results
are highly consistent with our original analysis. Gene pathways, such as
“blood vessel development” (GO: 0001568, P =2.09 x 10!,
“regulation of immune system process” (GO: 0002682, P =0.013) are
significantly up-regulated, while “synaptic transmission” (GO: 0007268,

P = 1.64 x 10), “behavior” (GO: 0007610, P =5.48 x 10"?) are

corrected — corrected —

corrected

corrected

significantly down-regulated.

Gene differential expression analysis of 6 antipsychotics negative cases
and 24 no-psychiatric controls

To exclude the potential effect of antipsychotics on gene expression, we
analyzed the differentially expressed genes between 6 antipsychotics
negative cases and controls. We identified 1109 DE genes including 910 up-
regulated, and 199 down-regulated genes. Results of gene functional
enrichment analysis are highly consistent with the original analysis. Up-

regulated genes are significantly enriched in pathways such as “blood vessel

development” (GO: 0001568, P = 1.1 x 107), “immune response” (GO:

corrected —

0006955, P =3 x 10"), and “inflammatory response” (GO: 0006954,

corrected —

P =3 x 10"). Down-regulated genes are significantly enriched in

corrected —

pathways such as “neuropeptide signaling pathway” (GO: 0007218, P,
=14 x107).

corrected



Analysis of undifferentiated, disorganized, and paranoid subtypes of
schizophrenia

We also calculated the differentially expressed genes between three
schizophrenia subtypes (undifferentiated, disorganized and paranoid), and
controls respectively. A total of 41 genes were significant after multiple
testing corrections by all the three methods in undifferentiated schizophrenia,
including GBP1, HBA2,IFITM1,IFITM3. In comparison, 12 genes were
identified in disorganized schizophrenia including HBAI and HBA2.
However, no gene was consistently significant after multiple testing
corrections across different methods in paranoid schizophrenia, which may
be due to the small number of cases.

Similarly, we also analyzed nominally significant genes identified by the
three methods. This analysis revealed 798, 616 and 454 differentially
expressed genes in the undifferentiated, disorganized and paranoid
schizophrenia, respectively (Table S8-10). The similarity between the
groups of differentially expressed genes was evaluated by Jaccard index,
demonstrating that the overlap of differentially expressed genes was higher

between undifferentiated and disorganized schizophrenia (Table S11).

Functional enrichment analysis of the 798 genes in undifferentiated

schizophrenia indicated that the overexpressed genes are significantly

enriched in “immune response” (GO: 0006955, P ,=5.18 x 10°) and

correcte,

“blood vessel development” (GO: 0001568, P =7.88 x 107), while the

corrected —

suppressed genes are significantly enriched in behavior” (GO: 0007610,
P, s =3.39 x 107°) and “synaptic transmission” (GO: 0007268, P

corrected —
3.26 x 107, Table S12). The down-regulated genes in disorganized
schizophrenia are also significantly enriched in behavior” (GO: 0007610,



P = 1.43 x 10”°) and “synaptic transmission” (GO: 0007268, P

corrected — corrected —
2.99 x 10™). Although no significantly enriched pathway was identified in
the up-regulated genes in the disorganized schizophrenia samples, blood
vessel development pathway was found to be nominally enriched (Table
S13). In comparison, the up-regulated genes in patients with the paranoid

schizophrenia subtype are significantly enriched in “blood vessel

development” (GO: 0001568, P = 1.22 x 107) and “positive regulation

corrected —

of immune system process” (GO: 0002684, P ,=3.99 x 107), while the

down-regulated genes are significantly enriched in “nerve terminal” (GO:

0043476, P =3.20 x 10™) and axon (GO: 0030424, P =132 x

corrected — corrected —

107%), and nominally enriched in fear response (GO: 0042596, P = 1.37 x 10

correcte

* P, s = 0.116) and behavior (GO:0007610, P =9.07 x 10*, P
0.151, Table S14).

corrected —

Differentially expressed genes among subtypes of schizophrenia

We also analyzed the differentially expressed genes between each of the
schizophrenia subtypes. No gene was significant after multiple testing
corrections likely due to the small number of cases. However, 325, 293 and
98 nominally significant genes were identified from comparisons between
undifferentiated-paranoid, disorganized-paranoid and undifferentiated-
disorganized analyses, respectively (Table S15-17). Among them were
genes such as ERBB4, GRIN2D, GRM3 and NTRK?2 that have been
previously shown to be associated with the pathogenesis of schizophrenia.
Interestingly, ERBB4, GRIN2D and NTRK? are up-regulated in paranoid
schizophrenia, while down-regulated in undifferentiated and disorganized
schizophrenia. GRM3 is up-regulated in disorganized and paranoid
schizophrenia, while down-regulated in undifferentiated schizophrenia.
CNTN?2 is highly up-regulated in disorganized schizophrenia, while down-

regulated in paranoid schizophrenia (Figure S7).



Supplementary Tables

Table S1. Description of postmortem samples used in this study
(included as a separate excel file).

Table S2. Significantly differentially expressed genes identified by
Cuffdif, edgeR and DEseq?2.

Cuffdif:
Gene log2(fold_change) P-value Q-value
APOLDI 1.12 5.00E-05 0.01
ARHGAP36 -1.49 5.00E-05 0.01
ATOHS 091 5.00E-05 0.01
CEBPB 0.90 5.00E-05 0.01
CEBPD 1.00 5.00E-05 0.01
CLDN5 0.83 5.00E-05 0.01
CLICI 0.87 5.00E-05 0.01
CRHBP -1.03 5.00E-05 0.01
DNAJBI 2.50 5.00E-05 0.01
DOK7 145 5.00E-05 0.01
EDNI 1.19 5.00E-05 0.01
EMPI 1.52 5.00E-05 0.01
ENG 0.83 5.00E-05 0.01
FAMI100B 0.68 5.00E-05 0.01
FGF17 1.13 5.00E-05 0.01
FSTL3 0.89 5.00E-05 0.01
GOS2 1.64 5.00E-05 0.01
GBP1 1.33 5.00E-05 0.01
GPR4 1.61 5.00E-05 0.01
HBAI 1.27 5.00E-05 0.01
HBA2 1.71 5.00E-05 0.01




HSPAIA 2.68 5.00E-05 0.01
HSPAIB 2.54 5.00E-05 0.01
HSPA6 6.76 5.00E-05 0.01
HSPBI 249 5.00E-05 0.01
ICAM1 1.81 5.00E-05 0.01
IFITM1 1.21 5.00E-05 0.01
ISLR2 -1.06 5.00E-05 0.01
ITGAS 1.07 5.00E-05 0.01
LOC100505495 1.65 5.00E-05 0.01
MAFF 1.76 5.00E-05 0.01
MKNK? 1.14 5.00E-05 0.01
MPZL2 1.71 5.00E-05 0.01
MSX1 1.24 5.00E-05 0.01
MTIG 1.05 5.00E-05 0.01
MTRNR2LI0 1.37 5.00E-05 0.01
MTRNR2L5 1.09 5.00E-05 0.01
MTRNR2L7 1.15 5.00E-05 0.01
NPY -0.90 5.00E-05 0.01
NR4A2 -1.36 5.00E-05 0.01
NXPH4 -1.12 5.00E-05 0.01
ODZ3 -0.97 5.00E-05 0.01
PCDHIIX -1.21 5.00E-05 0.01
PERI 0.84 5.00E-05 0.01
PPPIRI5A 0.99 5.00E-05 0.01
RMRP 1.49 5.00E-05 0.01
SERPINH1 3.02 5.00E-05 0.01
SESN2 1.06 5.00E-05 0.01
SFRP2 -1.06 5.00E-05 0.01
SIX4 1.66 5.00E-05 0.01
SLCI8A3 4.84 5.00E-05 0.01
SPOCDI 1.39 5.00E-05 0.01
TMC4 1.43 5.00E-05 0.01
TMEMI155 -0.96 5.00E-05 0.01
TNFAIP2 0.87 5.00E-05 0.01
TNFRSFI2A 2.08 5.00E-05 0.01
TPM?2 0.81 5.00E-05 0.01
UNC5D -1.12 5.00E-05 0.01
XLOC _ 010860 4.52 5.00E-05 0.01
ZCCHCI2 -0.79 5.00E-05 0.01




BST?2 0.92 1.00E-04 0.02
CFP 1.36 1.00E-04 0.02
FAMI102B -0.76 1.00E-04 0.02
HBB 1.53 1.00E-04 0.02
LHXS 2.97 1.00E-04 0.02
LOC338799 1.10 1.00E-04 0.02
MLKL 2.12 1.00E-04 0.02
RASIP1 0.90 1.00E-04 0.02
SCG2 -0.83 1.00E-04 0.02
SST -0.90 1.00E-04 0.02
XLOC_ 011928 -1.47 1.00E-04 0.02
A4GALT 1.03 1.50E-04 0.03
CIR 0.81 1.50E-04 0.03
CNN2 1.15 1.50E-04 0.03
VWCE 0.92 1.50E-04 0.03
VWF 0.81 1.50E-04 0.03
XAF1 0.76 1.50E-04 0.03
ANXA2 0.84 2.00E-04 0.04
ATF3 1.24 2.00E-04 0.04
CD248 0.99 2.00E-04 0.04
CHI3L2 242 2.00E-04 0.04
IL4R 1.05 2.00E-04 0.04
LOC100216546 1.04 2.00E-04 0.04
LOC389332 -1.30 2.00E-04 0.04
NUPRI 0.73 2.00E-04 0.04
TBRI -0.98 2.00E-04 0.04
CNRI1 -0.73 2.50E-04 0.05
MIDN 0.65 2.50E-04 0.05
edgeR:
Gene logFC P-value FDR
HSPA6 6.77 1.49E-14 1.88E-10
HSPA7 3.32 6.14E-10 3.88E-06
SERPINH 1 3.04 2.81E-09 1.18E-05
HSPBI1 2.52 5.01E-09 1.59E-05
DNAJB1 2.49 1.69E-08 4 28E-05
TNFRSF10D 2.44 7.04E-08 1.45E-04
HSPAIA 2.70 8.01E-08 1.45E-04
SFN 3.98 9.40E-08 1.49E-04




HSPAIB 2.56 1.74E-07 2.44E-04
TNFRSFI2A 2.07 2.54E-07 3.21E-04
HBA2 1.75 7.63E-07 8.78E-04
TMC4 1.67 9.12E-07 9.62E-04
MLKL 1.98 2.10E-06 2.04E-03
ICAM 1 1.83 2.76E-06 2.49E-03
HNRNPU-AS1 1.65 3.61E-06 3.04E-03
MTRNR2L] 1.48 5.26E-06 4.16E-03
MTRNR2LI10 1.39 6.53E-06 4.86E-03
MTRNR2L3 1.44 7.52E-06 5.29E-03
BAG3 1.84 8.14E-06 542E-03
MTRNR2L6 1.40 8.98E-06 5.68E-03
MAB21L] -1.46 1.43E-05 7.92E-03
FOSLI 2.68 1.47E-05 7.92E-03
ARHGAP36 -1.48 1.54E-05 7.92E-03
IFITM1 1.24 1.56E-05 7.92E-03
SCUBEI] -1.97 1.76E-05 845E-03
MKNK? 1.02 1.85E-05 8.45E-03
MTRNR2L9 1.26 1.90E-05 8.45E-03
RMRP 1.73 2.01E-05 8.45E-03
NGFR 2.17 2.07E-05 8.45E-03
SLCI11AI 1.56 2.07E-05 8.45E-03
RN7SK 1.39 2.21E-05 8.75E-03
MSX1 1.25 2.32E-05 8.88E-03
HBAI 1.30 2.59E-05 9.64E-03
GO0S2 1.62 3.06E-05 0.01
MTIH 2.12 3.18E-05 0.01
ODF3B 1.82 3.28E-05 0.01
IFI6 1.21 3.46E-05 0.01
HBB 1.59 3.71E-05 0.01
SERPINE] 1.74 3.96E-05 0.01
LINC01089 0.88 3.96E-05 0.01
SPOCDI 1.39 4.04E-05 0.01
GBPI 1.32 4.22E-05 0.01
SESN2 1.06 4.29E-05 0.01
MTRNR2LS 1.16 4.89E-05 0.01
LINC00324 1.65 5.12E-05 0.01
CEBPB 0.89 5.27E-05 0.01




SERPINA3 2.31 5.31E-05 0.01
EMP1 1.52 543E-05 0.01
CHI3L2 244 5.66E-05 0.01
FERMT3 1.33 5.75E-05 0.01
PER] 0.86 5.85E-05 0.01
ACRC 1.38 5.91E-05 0.01
PPPIRI5A 1.00 6.31E-05 0.01
IFITM3 1.07 6.54E-05 0.01
CLEC2B 1.26 6.88E-05 0.02
BST2 0.88 7.12E-05 0.02
MTRNR2L5 1.15 7.17E-05 0.02
EDNI 1.19 8.10E-05 0.02
MTRNR2L2 1.10 8.12E-05 0.02
MAFF 1.69 1.06E-04 0.02
TNFAIP2 0.87 1.08E-04 0.02
MTRNR2L7 1.15 1.18E-04 0.02
FSTL3 0.84 1.31E-04 0.03
RSPO1 1.10 1.43E-04 0.03
CCDCS1 1.48 1.45E-04 0.03
A4GALT 1.05 1.52E-04 0.03
GPR4 1.62 1.55E-04 0.03
BRE-AS1 1.61 1.58E-04 0.03
MCIR 1.10 1.64E-04 0.03
CRHBP -1.02 1.78E-04 0.03
ATOHS 0.90 1.84E-04 0.03
PCATI19 1.28 1.90E-04 0.03
RASIP] 0.90 1.91E-04 0.03
CCDC114 1.81 2.01E-04 0.03
ENG 0.84 2.07E-04 0.03
GPR35 1.11 2.13E-04 0.03
CNN2 1.17 2.14E-04 0.03
IFITM?2 1.31 2.19E-04 0.03
RPPH 1 1.36 2.20E-04 0.03
CD248 0.98 2.20E-04 0.03
ILIRLI 3.81 2.27E-04 0.03
SORDL 0.79 241E-04 0.04
SLC52A3 1.16 2.44E-04 0.04
ZNF358 0.54 2.48E-04 0.04




PRKD?2 0.82 2.57E-04 0.04
EPHA2 1.17 2.59E-04 0.04
NXPH4 “1.10 2.78E-04 0.04
TYMP 139 2.80E-04 0.04
GBP2 107 3.01E-04 0.04
SOX18 0.99 3.21E-04 0.04
UBALD? 0.69 324E-04 0.04

1132 121 3.36E-04 0.04
PLIN2 0.72 3.66E-04 0.05
UPPI 0.65 3.68E-04 0.05
XAF1 0.74 3.76E-04 0.05
PCDHI1X -1.18 3.77E-04 0.05
TUBAIC 0.87 4.01E-04 0.05
TPM2 0.85 4.04E-04 0.05
GGT5 0.81 4.04E-04 0.05
DEseq?2:

Gene log2(fold_change)  P-value FDR
SLCO4Al 1.53 1.76E-11 3.42E-07
TUBB6 1.13 1.81E-10 1.76E-06
YBX3 1.28 2.06E-09 1.33E-05
NNMT 1.10 1.24E-08 6.04E-05
C2CD4B 1.29 7.90E-08 3.07E-04
BARHIL .2 -1.28 1.13E-07 3.67E-04
TNFRSFI12A 1.22 2.78E-07 7.20E-04
GDF15 1.22 2.96E-07 7.20E-04
S100A8 1.17 1.15E-06 2.49E-03
KIAA0040 0.93 1.51E-06 2.66E-03
HBA2 1.11 1.42E-06 2.66E-03
FAM167B 1.08 2.13E-06 3.18E-03
HLX 0.89 2 47E-06 3.18E-03
LAG3 1.08 2.54E-06 3.18E-03
MTIA 1.06 2.60E-06 3.18E-03
TNFRSF6B 0.91 2.61E-06 3.18E-03
ZC3HI2A 1.07 2.95E-06 3.38E-03
ICAM 1 1.08 4.61E-06 4 98E-03
CDI164L2 1.08 8.15E-06 6.60E-03
MAB21L1 -1.00 8.12E-06 6.60E-03




SLC5A10 0.98 7.98E-06 6.60E-03
ITPKC 0.79 7.69E-06 6.60E-03
TNFRSF10D 1.06 7.84E-06 6.60E-03
CFP 0.99 6.61E-06 6.60E-03
MTRNR2L] 1.00 8.61E-06 6.69E-03
MTRNR2LI10 0.97 1.06E-05 7.92E-03
MTRNR2L3 0.99 1.12E-05 8.09E-03
MPZL2 1.02 1.36E-05 9.45E-03
MTRNR2L6 0.97 1.43E-05 9.60E-03
GPRY97 1.01 1.62E-05 0.01
ARHGAP36 -0.98 1.70E-05 0.01
DOK7 0.89 2.00E-05 0.01
PAPPA2 -0.98 2.43E-05 0.01
LOC284454 0.92 2.46E-05 0.01
MSX1 091 2.45E-05 0.01
PPPIRI17 -0.95 2.53E-05 0.01
IFITM1 0.89 3.19E-05 0.01
HBAI 091 3.21E-05 0.01
JSRP1 0.98 3.06E-05 0.01
SLCI11A] 0.97 2.93E-05 0.01
OSMR 0.89 3.28E-05 0.01
SLC44A4 0.99 3.21E-05 0.01
MTRNR2L9 0.90 3.05E-05 0.01
MKNK? 0.81 3.58E-05 0.01
ILISR1 0.96 3.54E-05 0.01
RN7SK 0.94 3.57E-05 0.01
LCN1 1.00 3.49E-05 0.01
Cllorf91 0.95 3.71E-05 0.01
MUC5B 0.94 4.06E-05 0.02
DLX4 0.97 5.30E-05 0.02
LINC01089 0.73 6.05E-05 0.02
HBB 0.95 6.16E-05 0.02
CLEC2B 0.88 6.57E-05 0.02
IRS4 -0.95 7.63E-05 0.03
MTRNR2LS 0.84 7.89E-05 0.03
CEBPB 0.73 8.46E-05 0.03
MTRNR2L5 0.83 9.97E-05 0.03
EMP] 0.92 9.98E-05 0.03




UPKIA 0.94 9.90E-05 0.03
EDNI 0.84 9.78E-05 0.03
STEAP4 0.85 9.79E-05 0.03
LRG1 0.94 1.01E-04 0.03
LOC728715 0.81 1.04E-04 0.03
PER] 0.71 1.10E-04 0.03
DES 0.88 1.12E-04 0.03
IFITM3 0.80 1.22E-04 0.03
BST2 0.72 1.22E-04 0.03
MTRNR2L2 0.81 1.22E-04 0.03
CPA4 091 1.18E-04 0.03
SORDL 0.66 1.41E-04 0.04
NFKBIZ 0.72 1.44E-04 0.04
HPD 0.85 1.48E-04 0.04
oSM 0.90 1.51E-04 0.04
A4GALT 0.78 1.50E-04 0.04
MAFF 091 1.54E-04 0.04
C19orf35 0.87 1.63E-04 0.04
MTRNR2L7 0.82 1.75E-04 0.04
AURKC 0.75 1.77E-04 0.04
CD248 0.75 2.02E-04 0.04
TNFAIP2 0.70 1.98E-04 0.04
NPIPB6 0.86 2.01E-04 0.04
FSTL3 0.69 2.00E-04 0.04
GPR4 0.89 1.96E-04 0.04
GPR35 0.80 2.08E-04 0.04
FUT7 0.84 2.08E-04 0.04
CNN2 0.82 2.23E-04 0.05
EPHA2 0.82 2.34E-04 0.05
ZNF358 0.49 2.42E-04 0.05
PCATI9 0.84 2.30E-04 0.05
LAIR? -0.88 2.44E-04 0.05
ATOHS 0.72 2.30E-04 0.05
SLC52A3 0.81 2.43E-04 0.05
FERILA 0.72 2.39E-04 0.05
EOGT 043 2.36E-04 0.05
MSLNL 0.88 247E-04 0.05
RSPO1 0.79 2.66E-04 0.05




DRD4 0.63 2.61E-04 0.05
HBD 0.88 2.58E-04 0.05
EXPHS5 0.64 2.73E-04 0.05
GZMM 0.82 2.60E-04 0.05
MISP 0.77 2.63E-04 0.05
GNRH2 0.73 2.73E-04 0.05
ARAP3 0.55 2.69E-04 0.05
PARPI2 0.59 2.57E-04 0.05




Table S3. Dysregulated genes reported by previous schizophrenia
transcriptome studies, which were differentially expressed in our

study.
Gene Significance Direction | RNA-seq Microarray Other
APOLI ++ Up Hwang et al, 2013 Mimmack et al, 2002
GBPI ++ Up Saetre, 2007
Xu et al, 2012; Hwang et
HBAI +++ Up al, 2013
Xu et al, 2012; Hwang et
HBA2 +++ Up al, 2013
Xu et al, 2012; Hwang et
HBB +++ Up al, 2013; Fillman et al,
2013
HSPAIA + Up Arion et al, 2007
HSPAIB Up Arion et al, 2007
HSPBI ++ Up Fillman et al, 2013 Arion et al, 2007
IFITM1 +++ Up Hwang et al, 2013
Wu et al, 2012; Hwang . ]
IFITM?2 ++ Up et al, 2013; Fillman et al, Arul)nzet al, 2007; Saetre
2013 et al, 2007
Wu et al, 2012; Hwang Arion et al, 2007; Saetre
IFITMS ++ Up etal, 2013 et al, 2007
Arion et al, 2007; Choi
MT2A ++ Up Wu et al, 2012 et al, 2008; Logotheti,
2012
. Arion et al, 2007; Saetre
SERPINA3 ++ Up Fillman et al, 2013 et al, 2007
Guillozet-Bongaarts et
CARTPT ++ Down al, 2014
Guillozet-Bongaarts et
CNRI1 ++ Down al, 2014
Weidenhofer et al, 2006; | Guillozet-Bongaarts et
NPY ++ Down Choi et al, 2008; al, 2014; Mellios et al,
Hashimoto et al, 2008 2009;
NR4A2 T+ Down Choi et al, 2008 Cul lozet-Bongaarts et
Guodotti et al, 2000;
RELN +t Down Fatemi et al, 2004
Choi et al, 2008; Guillozet-Bongaarts et
ST ++ Down Hashimoto et al. 2008 | al, 2014
SYNPR ++ Down Guillozet-Bongaarts et

al, 2014

“4+++7: significant by all the three methods after multiple testing.
“++7: significant by all the three methods without multiple testing.
“+”:significant by at least one method after multiple testing.
Reference: (1-13).




Table S4. 761 genes showed P-value < 0.05 (without multiple
testing correction) by all three methods in the analysis of 22
schizophrenia cases and 24 controls (included as a separate excel
file).



Table SS. Functional enrichment of differentially expressed genes

reported by Fillman et al (9).

Expression Term Enrfc(;:?nent P-value Bg}lrzlllllllem
GO0:0010033~response to organic substance 2.79 1.54E-07 2.97E-04
GO0:0009611~response to wounding 301 9.92E-07 9.57E-04
GO0:0009266~response to temperature stimulus 7.83 1.26E-06 8.10E-04
GO0:0006952~defense response 2.69 5.01E-06 2.42E-03
GO:0005615~extracellular space 2.52 1.07E-05 2.45E-03
GO0:0044421~extracellular region part 2.17 2.40E-05 2.74E-03
GO0:0006986~response to unfolded protein 7.49 2 46E-05 9.44E-03
GO0:0006954~inflammatory response 3.27 3.67E-05 1.17E-02
GO0:0009408~response to heat 8.44 4.05E-05 1.11E-02
GO:0051789~response to protein stimulus 5.52 8.02E-05 1.92E-02

Up-regulation  F55.0045765~regulation of angiogenesis 750 8 74E-05 1 86E-02
GO0:0009991~response to extracellular stimulus 3.76 9.18E-05 1.76E-02
Si(r)rig?:ls8545~response to steroid hormone 400 1 01E-04 1 75E-02
GO0:0009628~response to abiotic stimulus 2.89 1.69E-04 2.68E-02
GO0:0001568~blood vessel development 3.38 2.66E-04 3.88E-02
GO0:0005886~plasma membrane 1.39 3.09E-04 2.33E-02
G0:0001944~vasculature development 3.29 3.37E-04 4 54E-02
GO:0005576~extracellular region 1.60 3.71E-04 2.10E-02
GO0:0000187~activation of MAPK activity 5.76 4 58E-04 5.73E-02
GO0:0006955~immune response 2.14 6.13E-04 7.14E-02
GO:0005576~extracellular region 2.07 1.02E-05 1.54E-03

. GO0:0044421~extracellular region part 2.62 4 46E-05 3.38E-03
Down-regulation - -

GO0:0005578~proteinaceous extracellular matrix 3.76 6.57E-04 3.27E-02

GO0:0031012~extracellular matrix 3.48 1.17E-03 4.34E-02




Table S6. Functional enrichment of differentially expressed genes
reported by Hwang et al (10).

. . Benjamini
Expression Term Fold Enrichment P-value O-value
GO:0005576~extracellular region 2.31 1.35E-05 2.31E-03
. G0O:0006955~immune response 3.38 1.06E-04 9.50E-02
Up-regulation
G0:0044421~extracellular region part 2.83 2.16E-04 1.84E-02
GO0:0005615~extracellular space 3.03 9.58E-04 5.35E-02




Table S7. Connectivity strength of intra-hub genes in the
functional enriched modules. For module yellow and red (>100
genes), the top 10 connected genes (k,,,,,;,,) were listed. For module
green and pink (<50 genes), the top 5 connected genes (k,;,,;,,) were
listed.

within

Module Gene krow | Kwinin kout kpig
NPY 1.18 0.80 0.38 041

SST 1.14 0.76 0.38 0.39

SCG2 1.07 0.62 0.44 0.18

TAGLN 0.75 0.62 0.13 0.49

yellow CORT 0.90 0.59 0.32 0.27
(n=176) | APBBIIP | 0.54 0.54 0.00 0.54
MYL9 0.55 0.51 0.04 048

PLD4 0.51 0.51 0.00 0.51

SORCS3 1.49 0.47 1.02 -0.55

SYNPR 0.76 043 0.33 0.10

TRIP10 10.61 6.21 440 1.81

RELA 9.69 5.49 4.20 1.29

PXN 9.51 4.94 4.58 0.36

IL4AR 4.99 4.03 0.96 3.07

red NFKB?2 5.60 3.94 1.66 2.29
(n=106) | LRRC32 6.18 3.77 241 1.36
CLICI 5.52 3.73 1.79 1.94

ICAM?2 6.06 3.72 2.34 1.38

MAFF 4.10 3.54 0.56 2.97

IFITM? 7.14 3.50 3.65 -0.15

TAPI 5.04 1.28 3.76 -2.48

pink NLRCS5 2.12 1.20 0.92 0.29
(n=37) GBPI 1.47 1.08 0.38 0.70
CIR 2.36 1.03 1.33 -0.30

DTX3L 1.80 0.94 0.86 0.08

ESAM 4.53 2.60 1.93 0.67

green CDH5 4.12 2.27 1.84 043
(n=43) MMRN?2 3.11 2.00 1.11 0.89
ENG 3.66 1.88 1.78 0.10

ROBO4 2.64 1.70 0.94 0.77




Table S8. 798 genes showed P-value < 0.05 (without multiple
testing correction) by all three methods in the analysis of 9
undifferentiated schizophrenia cases and 24 controls (included as a
separate excel file).

Table S9. 616 genes showed P-value < 0.05 (without multiple
testing correction) by all three methods in the analysis of 7
disorganized schizophrenia cases and 24 controls (included as a
separate excel file).

Table S10. 454 genes showed P-value < 0.05 (without multiple
testing correction) by all three methods in the analysis of 5
paranoid schizophrenia cases and 24 controls (included as a
separate excel file).

Table S11. Jaccard index between undifferentiated, disorganized
and paranoid schizophrenia.

Jaccard index Undifferentiated  Disorganized Paranoid
Undifferentiated 0.1744 0.0821
Disorganized 0.0563

Paranoid




Table S12. Functional enrichment of differentially expressed
genes in differentiated schizophrenia.

Expression Term Enrfc(;:?nen ¢ P-value Bg}l, “:llllllll:l
GO0:0006955~immune response 2.13 1.94E-08 5.18E-05
GO0:0001568~blood vessel development 3.05 5.89E-08 7.88E-05
GO0:0001525~angiogenesis 3.79 7.28E-08 6.49E-05
G0:0001944~vasculature development 298 1.02E-07 6.84E-05

Up-regulation GO0:0006952~defense response 2.09 3.56E-07 1.90E-04
GO0:0048514~blood vessel morphogenesis 2.88 3.78E-06 1.44E-03
GO0:0009611~response to wounding 1.98 1.89E-05 6.29E-03
GO0:0006954~inflammatory response 2.30 2 48E-05 7.34E-03
G0:0045087~innate immune response 3.05 8.16E-05 2.16E-02
GO0:0007610~behavior 3.57 3.47E-08 5.39E-05
G0:0043005~neuron projection 3.46 2.83E-06 7.00E-04
GO0:0019226~transmission of nerve impulse 3.55 3.65E-06 2.84E-03
GO0:0007268~synaptic transmission 3.75 6.30E-06 3.26E-03
G0:0006928~cell motion 3.00 8.02E-06 3.11E-03
GO0:0048015~phosphoinositide-mediated signaling 7.05 1.14E-05 3.52E-03
GO0:0030001~metal ion transport 2.94 1.91E-05 4 94E-03
G0:0031420~alkali metal ion binding 3.99 2.39E-05 1.15E-02
GO0:0030182~neuron differentiation 298 2.60E-05 5.75E-03
GO0:0044456~synapse part 3.66 3.17E-05 3.92E-03
G0:0021953~central nervous system neuron differentiation 10.86 3.87E-05 7.49E-03
GO0:0016477~cell migration 3.60 3.92E-05 6.74E-03

Down-regulation | GO:0050804~regulation of synaptic transmission 5.02 6.71E-05 1.04E-02
GO:0007611~learning or memory 5.59 7.31E-05 1.03E-02
GO0:0051969~regulation of transmission of nerve impulse 4.64 1.29E-04 1.65E-02
G0:0048870~cell motility 3.23 1.31E-04 1.55E-02
GO:0051674~localization of cell 3.23 1.31E-04 1.55E-02
GO0:0016021~integral to membrane 1.30 1.43E-04 1.18E-02
G0:0021954~central nervous system neuron development 11.64 1.43E-04 1.58E-02
G0:0044459~plasma membrane part 1.58 1.44E-04 8.90E-03
GO0:0031224~intrinsic to membrane 1.28 1.75E-04 8.66E-03
GO0:0031644~regulation of neurological system process 4.46 1.79E-04 1.84E-02
GO:0015672~monovalent inorganic cation transport 3.12 1.92E-04 1.85E-02
GO0:0045202~synapse 2.86 1.93E-04 | 7.96E-03
GO0:0006812~cation transport 247 2.24E-04 2.03E-02




GO0:0040012~regulation of locomotion 3.88 2.71E-04 2.32E-02
GO0:0048666~neuron development 2.93 3.80E-04 3.06E-02
GO0:0008021~synaptic vesicle 5.93 3.82E-04 1.35E-02
GO0:0019932~second-messenger-mediated signaling 3.43 4.12E-04 3.15E-02
GO0:0030136~clathrin-coated vesicle 427 5.56E-04 1.71E-02
GO0:0034702~ion channel complex 3.30 1.06E-03 2.87E-02
GO0:0007409~axonogenesis 3.54 1.12E-03 6.46E-02
G0:0030424~axon 3.54 2.07E-03 3.87E-02
GO0:0030135~coated vesicle 3.54 2.07E-03 3.87E-02




Table S13. Functional enrichment of differentially expressed
genes in disorganized schizophrenia.

Expression Term Enrfc(;llglent P-value BSHI 2;1111111;11
GO0:0001525~angiogenesis 3.99 2.12E-04 3.01E-01
GO0:0001568~blood vessel development 301 4.78E-04 2.36E-01
G0:0001944~vasculature development 2.94 6.09E-04 2.27E-01

Up-regulation GO0:0016460~myosin II complex 12.26 6.38E-04 1.66E-01
G0:0009925~basal plasma membrane 10.37 1.23E-03 1.60E-01
G0:0016459~myosin complex 5.81 1.24E-03 1.11E-01
GO0:0007517~muscle organ development 303 1.25E-03 2.96E-01
G0:0048514~blood vessel morphogenesis 303 1.25E-03 2.96E-01
G0:0007610~behavior 4.22 9.83E-09 1.43E-05
GO0:0015267~channel activity 4.23 4.73E-08 2.05E-05
G0:0022836~gated channel activity 4.85 6.63E-08 9.57E-06
G0:0005216~ion channel activity 431 7.76E-08 8.40E-06
G0:0045202~synapse 4.13 1.60E-07 9.37E-06
GO0:0019226~transmission of nerve impulse 448 2.24E-07 1.62E-04
G0:0031226~intrinsic to plasma membrane 2.36 3.37E-07 1.32E-05
GO0:0007268~synaptic transmission 4.71 6.19E-07 2.99E-04
G0:0044057~regulation of system process 4.54 1.00E-06 3.63E-04
G0:0008021~synaptic vesicle 9.19 1.24E-06 4.14E-05
G0:0043005~neuron projection 3.88 1.84E-06 4.31E-05
GO0:0005261~cation channel activity 4.61 1.92E-06 1.39E-04

Down- GO0:0007267~cell-cell signaling 3.02 1.08E-05 2.59E-03
regulation GO:0007155~cell adhesion 2.83 1.10E-05 2.28E-03
GO0:0051969~regulation of transmission of nerve
impulse 6.17 1.13E-05 2.04E-03
G0:0022610~biological adhesion 2.82 1.13E-05 1.82E-03
GO0:0031644~regulation of neurological system
process 5.93 1.60E-05 2.32E-03
GO0:0050804~regulation of synaptic transmission 6.07 3.89E-05 4.02E-03
GO0:0007611~learning or memory 6.69 5.77E-05 5.56E-03
G0:0030424~axon 4.83 9.14E-05 1.43E-03
G0:0007409~axonogenesis 4.70 1.15E-04 1.04E-02
G0:0030594~neurotransmitter receptor activity 6.67 1.89E-04 6.28E-03
G0:0048666~neuron development 341 2.35E-04 1.61E-02
G0:0048812~neuron projection morphogenesis 426 2.57E-04 1.68E-02
GO0:0031175~neuron projection development 3.87 2.73E-04 1.71E-02
GO0:0007166~cell surface receptor linked signal 1.78 2.95E-04 1.77E-02




transduction

G0:0007411~axon guidance

6.17

3.08E-04

1.77E-02

GO0:0042165~neurotransmitter binding

6.15

3.12E-04

9.60E-03




Table S14. Functional enrichment of differentially expressed
genes in paranoid schizophrenia.

Expression Term Enrfc(;llglent P-value Bgﬂlzllllll?l
GO0:0031012~extracellular matrix 3.54 8.34E-08 1.17E-05
GO0:0005576~extracellular region 1.80 1.40E-07 1.30E-05
GO0:0005578~proteinaceous extracellular matrix 3.38 1.26E-06 8.81E-05
G0:0031226~intrinsic to plasma membrane 1.97 3.32E-06 1.86E-04
G0:0005887~integral to plasma membrane 1.98 3.99E-06 1.86E-04
GO0:0051270~regulation of cell motion 4.03 5.07E-06 3.83E-03
G0:0008284~positive regulation of cell proliferation 2.76 1.32E-05 7 .44E-03
G0:0009986~cell surface 2.97 1.66E-05 6.65E-04

Up-regulation | GO:0001568~blood vessel development 3.36 2.71E-05 1.22E-02
G0:0001944~vasculature development 3.28 3.68E-05 1.38E-02
G0:0009611~response to wounding 2.41 3.77E-05 1.21E-02
G0:0042127~regulation of cell proliferation 2.03 1.07E-04 2.65E-02
G0:0030335~positive regulation of cell migration 5.14 1.36E-04 3.04E-02
GO0:0032101~regulation of response to external stimulus 3.74 1.90E-04 3.84E-02
G0:0048514~blood vessel morphogenesis 3.25 2.21E-04 4.09E-02
GO0:0002684~positive regulation of immune system
process 3.07 2.33E-04 3.99E-02
GO0:0006955~immune response 1.92 1.17E-03 1.44E-01
GO0:0043679~nerve terminal 28.01 2.00E-06 3.20E-04
GO0:0005576~extracellular region 2.32 2.46E-05 1.31E-03
G0:0030424~axon 8.69 3.31E-05 1.32E-03
G0:0043005~neuron projection 5.05 1.36E-04 3.62E-03
GO0:0042596~fear response 38.49 1.37E-04 1.16E-01
G0:0042995~cell projection 347 1.40E-04 3.19E-03

rezgfzg;m G0:0010817~regulation of hormone levels 8.47 161E-04 | 6.99E-02
G0:0009991~response to extracellular stimulus 6.65 1.79E-04 5.24E-02
GO:0007194~negative regulation of adenylate cyclase
activity 16.62 2.16E-04 4.75E-02
GO0:0051350~negative regulation of lyase activity 16.62 2.16E-04 4.75E-02
G0:0031280~negative regulation of cyclase activity 16.62 2.16E-04 4.75E-02
G0:0007610~behavior 3.90 9.07E-04 1.51E-01
G0:0030165~PDZ domain binding 15.78 1.97E-03 3.58E-01




Table S15. 325 genes showed P-value < 0.05 (without multiple
testing correction) by all three methods in the analysis of 9
undifferentiated schizophrenia and 5 paranoid schizophrenia
patients (included as a separate excel file).

Table S16. 293 genes showed P-value < 0.05 (without multiple
testing correction) by all three methods in the analysis of 7
disorganized schizophrenia and 5 paranoid schizophrenia patients
(included as a separate excel file).

Table S17. 98 genes showed P-value < 0.05 (without multiple
testing correction) by all three methods in the analysis of 9
undifferentiated schizophrenia and 7 disorganized schizophrenia
patients (included as a separate excel file).



Supplementary Figures
Figure S1. Venn diagram of differentially expressed genes among

three methods.
a. significant genes after multiple testing correction.
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b. significant genes without multiple testing correction.
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Figure S2. Heatmap shows expression levels of 761 differentially
expressed genes (without multiple testing correction) identified by
three methods. Left legend: cases and controls are colored in red
and blue respectively. Right legend: Standardized Z-scores based
on the FPKM value.
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Figure S3. Barplot showing expression levels of up-regulated
genes in MHC class I receptor activity.
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Figure S4. Barplot showing expression levels of up-regulated
genes in immune and inflammatory response.

The expression level of genes involved in immune and inflammatory response
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Figure SS. Barplot showing expression levels of up-regulated
genes in blood vessel development.
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Figure S6. Barplot showing expression levels of down-regulated

genes in synaptic transmission.

The expression level of genes involved in synaptic transmission
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Figure S7. Bar plot showing expression levels of genes differentially

expressed among subtypes of schizophrenia.
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