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Figure 1: The Manhattan plots of aSPU (top), TWAS (middle), and SSU (bottom) applied
to the SCZ1 data with the YFS-based weights. The p-values were truncated at 5× 10−8.
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Figure 2: The Manhattan plots of aSPU (top), TWAS (middle), and SSU (bottom) applied
to the SCZ1 data with the NTR-based weights. The p-values were truncated at 5× 10−8.
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Figure 3: The Manhattan plots of aSPU (top), TWAS (middle), and SSU (bottom) applied
to the SCZ1 data with the METSIM-based weights. The p-values were truncated at 5×10−8.
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Figure 4: The Manhattan plots of aSPU (top), TWAS (middle), and SSU (bottom) applied
to the SCZ1 data with the CMC-introns-based weights. The p-values were truncated at
5× 10−8.
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Figure 5: The Manhattan plots of aSPU (top), TWAS (middle), and SSU (bottom) applied
to the SCZ1 data with the CMC-based weights. The p-values were truncated at 5× 10−8.
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Figure 6: The Q-Q plots for the SCZ2 data. The p-values of aSPU and SPU(∞) were
truncated at 1× 10−7, while those of the other two were truncated at 5× 10−8.
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Figure 7: The Manhattan plots of aSPU (top), TWAS (middle), and SSU (bottom) applied
to the SCZ2 data with the YFS-based weights. The p-values were truncated at 5× 10−8.

8



●
●

●
●

●

●
●●

●
●

●

●

●

●

●

●

●
●
●

●

●

●

●

●●

●

●

●
●

●

●

●
●

●●●

●

●●●●

●●

●

●●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●
●

●
●

●

●
●●

●

●

●

●●●●

●
●
●
●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●●●

●

●

●●●
●

●

●●

●

●

●
●
●

●

●

●

●

●●●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●●

●

●

●

●

●

●

●

●●

●

●
●

●

●●
●
●
●

●
●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●
●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●
●
●
●

●

●●

●
●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●
●

●
●
●

●

●●

●

●

●

●

●

●

●

●

●●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●
●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●
●
●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●

●●
●
●
●

●

●

●

●

●

●

●

●

●
●●

●●

●

●

●
●●

●

●

●

●

●

●

●

●

●●

●

●●●
●

●

●●

●

●

●

●

●

●

●
●

●

●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●●●
●

●
●

●
●
●

●

●
●
●

●

●

●

●

●

●
●

●

●

●

●●

●●

●

●
●

●●

●
●
●

●

●

●

●
●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●●

●

●

●

●

●

●●●

●

●●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●
●

●

●

●

●
●●

●

●

●●●
●

●
●

●

●

●

●

●

●

●

●

●

●●
●

●

●●●●●

●

●●
●●

●

●

●

●

●●
●●

●

●

●●

●
●

●

●

●

●

●

●
●

●
●●●
●

●
●
●

●●

●

●●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●●

●

●
●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●
●

●

●●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●
●

●●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●
●●

●

●●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●●

●●

●●

●

●

●

●

●

●

●●

●

●

●

●●

●
●

●

●

●●

●●●●
●
●

●

●

●
●
●

●
●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●●

●

●
●

●

●
●
●●●
●
●

●
●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●●

●
●

●●

●

●

●

●●●●●

●

●●

●

●●●●●●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●

●●
●●

●

●

●

●
●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●●●●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●●

●

●

●

●

●

●●●

●

●●

●

●
●

●

●●
●●

●

●

●

●

●

●
●●

●

●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●

●

●
●●

●

●●
●

●

●

●

●●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●●

●

●

●●
●●

●

●

●●

●●
●

●

●

●

●

●

●

●
●
●

●

●

●●●
●●

●

●

●

●
●

●
●

●●
●
●

●●●

●
●

●

●

●
●

●

●

●●
●

●

●

●
●

●

●

●

●

●

●
●
●

●

●

●
●

●

●

●

●

●

●

●

●

●
●
●

●

●●

●●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●●
●

●

●

●

●

●●
●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●●

●
●

●

●

●●
●

●
●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●●

●
●

●●

●
●

●

●

●

●●
●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●●

●
●
●●

●

●

●

●

●

●●●
●

●

●

●
●

●

●

●

●

●●

●
●

●

●●

●

●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●
●●

●

●

●

●●●

●

●
●

●●

●
●

●
●

●

●●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●●●
●
●

●

●

●

●

●●

●

●

●
●

●

●

●●

●

●●●

●●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●●
●

●

●

●●
●
●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●
●●●

●

●
●
●
●
●

●

●

●●●
●●●
●

●
●
●
●●

●

●

●

●
●

●

●●

●

●

●
●

●

●

●

●

●

●
●

●●●

●

●

●
●●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●●●

●

●

●●
●

●

●

●

●

●

●●●

●●
●

●

●

●

●

●●

●

●
●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●
●

●

●
●

●

●

●

●
●
●

●●

●

●●●

●

●

●
●

●
●

●

●
●●

●

●

●

●

●

●

●
●
●
●

●

●
●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●●●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●●●

●

●

●
●

●●

●

●

●

●

●●●

●

●

●

●
●
●●●

●

●●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●●●

●●

●

●

●
●

●

●
●●

●●
●
●●

●●

●

●

●

●

●

●

●●●
●

●

●

●

●●

●

●
●

●

●

●

●

●

●●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●●●

●

●

●
●

●●

●

●
●

●●●●

●

●

●●
●●
●

●

●

●

●

●
●

●

●●

●●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●●

●

●

●●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●
●

●

●

●

●

●
●
●
●

●
●

●

●●

●●

●

●

●

●
●

●

●
●

●

●

●

●●

●

●
●
●

●

●●●●●
●
●

●
●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●
●
●●
●
●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●●
●

●

●

●

●●
●

●

●●

●●●
●
●
●
●
●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●
●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●●

●

●

●

●

●

●●●

●

●

●
●
●
●

●

●

●●

●

●

●

●

●

●

●●

●
●

●

●
●●

●

●

●

●

●

●●●

●

●

●

●●

●●
●●
●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●●

●●
●

●

●

●

●

●

●

●

●
●
●

●●

●

●

●
●

●

●

●

●

●

●●

●

●

●
●

●

●

●
●
●

●

●

●
●

●
●

●●

●

●

●
●●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●
●

●

●

●

●●●
●
●

●

●

●

●

●

●

●

●

●

●●
●●

●

●
●

●●

●

●

●

●

●
●
●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●
●
●●
●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●

MAP7D1

ANP32E MRPS21 ANKRD44

EXOG

WDR82

ITIH4

TMEM110

NEK1

CLCN3 ELOVL7

SRA1

HIST1H4B

HIST1H3B

HIST1H2AC

HIST1H4D

HIST1H2BF

BTN2A2

BTN3A1

BTN2A1

HMGN4

ZNF391

HIST1H4L

ZFP57

HLA−G

HLA−A

ZNRD1

FLOT1

IER3

TCF19

HLA−BMICA

BAT1

DDAH2

HSPA1BC6orf48

SLC44A4

HLA−DRA

HLA−DRB5

HLA−DPA1

HLA−DPB1

MSRA

BAG4

FBXL15

C10orf26

C10orf32

AS3MT

SNX19

STAT6

ATP2A2
CAMKK2

CLIP1

ARL6IP4

CDK2AP1

SBNO1

PPP2R3C

KLC1

C14orf2

ZNF48

CNOT1

DPEP3

DUS2L

TSR1

PIAS2

GATAD2A

LPAR2

ATP13A1

EP300

C22orf32

2

4

6

8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 202122

Chromosome

−
lo

g
1

0
(p

)

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●●

●

●

●●
●

●

●

●

●●●

●

●●●●

●●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●
●

●

●●
●●

●●●●●●

●

●

●

●

●●
●

●

●

●

●
●

●●
●

●

●

●

●
●●
●

●

●
●

●

●

●

●
●

●

●
●
●

●
●●

●

●

●
●
●

●

●
●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●
●

●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●

●●

●

●●
●
●

●

●●

●

●

●●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●
●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●
●

●
●
●
●

●

●

●●

●
●
●

●●

●
●●
●

●

●

●
●

●

●

●
●

●

●

●●●

●

●

●

●●

●

●

●●

●

●
●●

●

●●
●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●●●

●●●●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●
●

●

●

●

●●
●
●

●

●

●

●

●

●

●
●

●

●

●●

●

●
●●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●
●
●

●

●
●

●●
●●●

●

●

●

●

●
●
●●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●
●

●

●

●

●
●
●
●

●

●

●
●

●

●

●

●

●

●●●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●
●

●

●
●

●

●●

●

●

●●

●

●

●

●

●

●

●

●

●●●

●

●

●●●

●

●●
●
●

●

●

●●
●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●●

●

●
●

●
●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●●●

●

●●

●

●

●●●

●

●●

●

●

●

●

●●●

●

●
●

●

●

●

●

●

●

●

●
●

●
●

●

●●

●

●

●

●

●

●

●

●

●●
●

●

●
●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●
●
●

●

●

●●

●●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●●

●

●●

●

●

●●

●

●

●

●●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●●●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●
●

●

●●●●●

●

●

●

●

●

●
●

●

●●

●

●
●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●
●
●

●

●

●

●

●

●●
●●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●
●●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●●●●
●

●

●

●

●

●

●

●

●

●

●●

●

●
●●

●

●
●

●

●
●

●

●
●
●●

●

●

●

●

●

●●
●
●

●

●

●
●

●

●
●
●
●●
●●

●

●

●

●●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●●●

●

●

●
●

●●

●

●

●

●

●

●

●

●
●●

●

●

●●

●
●

●

●

●

●

●

●

●

●
●
●

●
●

●●●

●

●

●

●

●

●●

●

●

●●●
●
●●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●
●
●●●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●●
●
●

●

●

●
●

●

●

●

●

●

●

●●

●

●●
●●●

●

●

●

●
●

●

●

●

●

●●
●

●●

●
●

●

●

●

●

●

●●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●
●

●

●

●

●

●

●●●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●●

●
●

●
●

●

●

●

●

●
●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●●

●
●

●
●

●

●

●
●

●

●
●●
●

●●

●

●

●

●
●●

●
●
●

●

●

●
●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●●
●●

●

●

●

●●
●

●

●

●

●
●

●

●●

●

●

●●●

●●●

●
●

●

●

●

●

●

●

●
●

●

●
●●●
●

●

●

●

●

●

●
●

●

●

●

●

●

●●●

●

●●●

●
●

●

●

●

●
●
●

●

●

●●

●

●●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●

●

●●
●

●

●

●

●
●

●

●
●

●
●

●

●
●
●

●

●●

●

●

●

●

●

●

●

●●

●●

●

●

●

●

●●●
●

●

●

●
●
●

●

●

●

●

●
●●●●

●

●
●
●●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●
●
●

●
●

●
●

●

●●

●
●

●

●

●

●

●

●
●

●

●

●

●●

●●

●●

●

●

●

●

●

●

●

●
●
●

●

●●

●

●●
●

●

●

●●●●

●

●
●

●

●●●

●●
●

●

●

●

●

●
●●

●
●

●

●

●

●

●

●●

●●

●

●

●

●

●

●●
●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

●

●●●

●

●

●●

●

●

●

●
●
●

●

●●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●●

●●●
●

●
●

●

●

●●●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●
●
●
●

●

●
●

●

●●

●
●
●

●

●

●

●●

●

●●

●

●
●
●

●

●
●

●●●●
●

●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●●

●
●

●

●

●
●

●

●

●
●
●●●●●

●

●
●
●

●●

●

●

●●●

●
●
●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●●●

●

●

●

●

●

●

●

●
●

●
●●●

●

●
●●

●●
●

●

●

●

●

●

●

●
●
●

●●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●●

●

●●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●
●
●

●

●

●
●

●

●

●
●
●

●

●

●

●

●

●

●
●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●
●

●
●

●

●

●

●●

●

●
●

●

●

●

●

●

●●
●

●●

●●●●
●
●

●

●

●
●

●●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●
●●

●●
●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●
●

●

●●●

●●●

●

●

●●

●

●●
●

●

●

●

●●
●
●

●●●

●

●
●

●

●●

●

●

●●

●

●

●

●
●

●

●●

●
●
●

●

●

●

●

●

●

●●

●

●

●

●●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●●●●
●

●

●

●

●

●●
●
●

●

●●

●●

●

●
●

●

●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●
●

●●●
●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●●

●

●

●
●●

●

●

●

●●
●

●●
●

●

●●

●

●

●

●

●

●
●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●
●

●

●●

●
●
●●

●

●

●
●

●

●

●

●●
●

●

●

●

●

●

●

●

●●

●●

●

●●

●

●●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●
●
●●

●●

●

●●

●

●●●

●

●

●

●

●

●

●

●

●

●●

●

●
●
●

●

●

●
●

●

●●

RERE

EPB41

MAP7D1

ANP32E

ANKRD44

WDR82
ITIH4

TMEM110

CLCN3

SRA1

HIST1H3B

HIST1H2AC

HIST1H4D

HIST1H2BF

BTN2A2

BTN2A1

HIST1H4L

ZFP57

HLA−G

FLOT1

IER3

TCF19

HLA−B

HSPA1B

C6orf48

SLC44A4

HLA−DQA1

HLA−DPB1

PPP1R3B

MSRA

BAG4

C10orf26

C10orf32

AS3MT

SNX19

TMTC1

CAMKK2

ARL6IP4

SBNO1

EIF2B1

PPP2R3C

KLC1

C14orf2

CNOT1

DUS2L

PIAS2

GATAD2A

LPAR2

C22orf32

2

4

6

8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 202122

Chromosome

−
lo

g
1

0
(p

)

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●●
●

●

●●●
●

●
●
●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

●

●●●●

●

●

●

●

●
●
●

●

●

●

●●

●

●

●

●

●

●
●●●

●

●
●

●

●
●

●

●
●

●●

●●

●

●

●

●

●

●●●
●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●●

●

●

●

●●●

●

●

●

●●●●

●

●

●

●

●

●

●●
●

●
●

●

●●

●

●

●●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●●
●
●

●

●
●

●●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●
●
●

●

●●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●
●

●

●

●

●

●
●
●
●
●●

●

●

●

●

●

●

●

●

●
●
●

●●●
●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●
●

●

●

●

●

●●●

●

●

●

●●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●●

●
●
●
●
●

●

●

●●

●

●

●●

●

●

●

●
●

●

●

●
●●
●●●
●

●

●

●

●

●
●

●

●●●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●

●

●●●

●
●●●

●
●●●●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●
●

●●

●
●
●

●●

●●●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●●

●

●
●●

●

●

●●●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●
●●

●

●●

●

●●
●

●●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●●●●

●

●
●

●●

●

●

●

●

●
●

●
●

●

●

●
●

●●

●
●

●

●

●●●

●
●●
●●

●

●

●

●●

●

●
●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●
●
●

●
●●

●

●

●
●

●●
●

●

●
●

●

●

●

●

●

●

●●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●●

●

●

●
●

●

●●
●

●

●

●

●
●
●

●

●

●

●●

●
●●

●

●

●●

●●

●

●

●

●

●

●

●
●

●

●

●

●
●

●
●

●

●

●
●

●
●●●

●
●

●

●

●●●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●●●
●
●
●
●
●

●●

●

●

●

●

●
●
●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●●

●●

●

●

●●

●

●

●

●●●●●

●

●●

●

●●●●●●

●

●

●
●

●
●

●

●

●

●

●

●

●

●●

●

●

●●

●

●
●

●

●

●

●
●

●●
●●

●

●

●

●
●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●●
●
●●

●

●

●●

●

●

●

●
●●

●

●

●●

●

●

●

●

●

●

●

●
●
●
●
●●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●●

●
●
●

●

●
●

●

●●

●●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●
●●

●

●
●
●

●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●●●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●●
●
●●

●

●

●
●

●

●

●

●●

●
●

●
●
●

●

●

●

●

●

●

●

●

●
●
●

●

●

●
●

●

●

●

●

●

●●●
●

●

●

●

●

●
●

●

●

●

●

●

●
●
●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●●

●

●

●
●●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●●

●

●

●

●●
●
●
●

●

●●

●

●

●

●
●

●●

●

●

●

●

●
●

●

●

●
●

●
●
●
●

●
●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●
●

●
●

●●

●●
●

●

●

●●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●●
●●
●

●

●

●

●

●●

●●

●

●

●●

●

●

●

●

●●

●
●

●
●
●

●

●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●●●

●

●

●

●●

●●
●●

●

●

●

●●●

●
●●

●●
●

●

●●

●

●●
●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●
●●●
●
●●

●

●

●

●
●

●

●

●●

●

●

●●

●

●●●

●●

●

●

●

●

●

●

●

●
●●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●●
●

●

●

●
●

●
●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●●●●

●

●
●●●

●
●

●

●
●
●

●●●
●

●●
●

●●

●

●

●

●●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●●●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●●

●●●

●

●

●
●
●

●

●

●●

●

●
●●

●●●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●
●

●
●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●●
●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●
●

●

●●

●

●
●
●

●

●

●

●
●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●
●●

●

●
●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●●●

●●

●

●

●

●

●

●●
●

●●
●
●●
●

●

●

●

●

●

●

●
●●
●●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●
●

●

●●

●
●

●
●

●

●

●
●●
●
●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●●

●

●

●
●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●
●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●
●

●

●

●

●

●
●
●

●●

●

●

●
●

●

●

●

●

●

●
●
●●

●

●

●

●

●

●

●

●

●

●

●

●
●●
●●
●
●

●
●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●
●
●

●

●

●

●
●

●

●
●
●
●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●●

●

●

●

●

●
●●
●

●●

●●●

●
●
●
●

●

●
●

●●

●

●

●

●●

●

●

●

●

●

●
●●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●
●

●
●

●●

●●
●

●

●●

●
●
●

●

●

●

●

●

●
●
●

●
●●●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●●

●

●
●

●
●

●

●

●●
●

●

●

●

●

●
●

●

●

●
●

●
●
●
●
●

●
●
●
●

●

●

●

●

●●

●

●

●

●●

●

●

●

●

●

●

●●●

●

●

●

●

●

●●

●
●
●

●●

●

●

●

●

●●

●●

●

●

●
●

●

●

●●●

●

●

●

●

●

●●

●●

●

●●

●

●

●
●

●
●

●
●

●

●
●

●

●

●

●

●

●

●
●
●

●

●

●
●

●
●

●

●

●

●

●

●
●●
●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●
●
●

●

●
●

●
●
●
●●

●

●

●

●

●

●●

●

●

●
●

●●

●

●
●

●●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●●

●

●

●
●

●
●
●●

●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

MAP7D1

ANP32E

MRPS21

C2orf28

ANKRD44

EXOG

WDR82

ITIH4

TMEM110

NEK1

CLCN3

ELOVL7

SRA1

HIST1H4B

HIST1H3B

HIST1H2AC

HIST1H4D

HIST1H2BF

BTN2A2

BTN3A1

HMGN4

ZNF391

HIST1H4L

ZFP57

HLA−G

HLA−AZNRD1

FLOT1

IER3 HLA−B

MICA

BAT1

DDAH2

HSPA1BC6orf48

SLC44A4
HLA−DRA

HLA−DQA1

HLA−DRB5

HLA−DPA1

KIAA1919

MFHAS1

ERI1

MSRA

BAG4

FBXL15

C10orf26

C10orf32

AS3MT

OBFC1

NUCB2

SNX19

TMTC1

STAT6

ATP2A2

VPS29

P2RX7

CLIP1

CDK2AP1

SBNO1

EIF2B1

PPP2R3C

KLC1

C14orf2

ZNF48

CNOT1

ATP6V0D1

DPEP3

DUS2L

TSR1

RPTOR

PIAS2

GATAD2A

LPAR2

ATP13A1

EP300

C22orf32

PPP6R2

2

4

6

8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 202122

Chromosome

−
lo

g
1

0
(p

)

Figure 8: The Manhattan plots of aSPU (top), TWAS (middle), and SSU (bottom) applied
to the SCZ2 data with the NTR-based weights. The p-values were truncated at 5× 10−8.
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Figure 9: The Manhattan plots of aSPU (top), TWAS (middle), and SSU (bottom) applied
to the SCZ2 data with the METSIM-based weights. The p-values were truncated at 5×10−8.
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Figure 10: The Manhattan plots of aSPU (top), TWAS (middle), and SSU (bottom) applied
to the SCZ2 data with the CMC-introns-based weights. The p-values were truncated at
5× 10−8.
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Figure 11: The Manhattan plots of aSPU (top), TWAS (middle), and SSU (bottom) applied
to the SCZ2 data with the CMC-based weights. The p-values were truncated at 5× 10−8.
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Figure 12: Empirical power under different set-ups. Set-ups B’–D’ were similar to set-ups
B–D except µj = sign(Wj)cj for informative SNPs with random cj ∼ U(0, c), a uniform
distribution between 0 and c. Set-up F’ was similar to set-ups B’–D’ except there were 5%
informative SNPs in each gene. Set-up F was similar to set-ups B–D except there were
5% informative SNPs in each gene. Set-up G was similar to set-up C except µj = c for
informative SNPs (i.e. the weights Wj’s were not informative).
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