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SUPPLEMENTARY TABLES

Supplementary Table 1. Bivariate analyses

Trait 1/ Trait 2

SCz/BPD SCZ/MDD SCZ/ASD SCZ/ADHD BPD/MDD
SNPs 909307 885448 896627 778235 938610
Cases 9032/6664 9051/8998 9111/3226 9013/4108 6665/8997
Controls 7980/5258 10385/7823 | 12146/3308 | 10115/9936 | 7408/7680
SNP-h’Trait1* | (.22 (0.01) 0.21(0.01) 0.23(0.01) 0.23 (0.01) 0.23 (0.01)
SNP-h’Trait2* | (22 (0.01) 0.19 (0.02) 0.16 (0.02) 0.23 (0.02) 0.20 (0.02)
Covariance® | 0.151(0.010) | 0.087 (0.011) | 0.030 (0.011) | 0.019 (0.011) | 0.102 (0.013)
SNP-r, (SE) 0.68 (0.04) 0.43 (0.06) 0.16 (0.06) 0.08 (0.05) 0.47 (0.06)
A1st-COV(SE) 1.7 (0.05) 1.2 (0.05) 1.2 (0.03) 1.1 (0.03) 1.2 (0.00)
Masry 4.7 1.6 1.5 1.2 1.6
p¢ <e-16 6.0e-15 0.0071 0.072 1.5e-14
M-A: 2.11, Parent’: 2.9
Offspring™®: Sibling®: 2.6 Parent™: > 1
) 4 | 24524560
literature” | sjp*e: Sibling (ASD/ADHD)°®: 2.4
Mist 3.9,3.7,3.9,50 | M-Ak15 M-A>":3.1,2.7
. i 7,i
literature r, 0.60” N/A N/A N/A 0.65"
Trait 1/ Trait 2
BPD/ASD BPD/ADHD MDD/ASD MDD/ADHD | ASD/ADHD
SNPs 952858 834238 927731 813902 827620
Cases 6704/3207 6656/4099 9031/3239 8936/4098 3156/4181
Controls 9030/3294 7041/9873 9370/3331 8668/11233 | 3254/12022
SNP-h*Trait1* | 0.24 (0.01) 0.21(0.01) 0.20 (0.02) 0.19 (0.02) 0.15 (0.03)
SNP-h*Trait2* | 0.17 (0.03) 0.26 (0.02) 0.17 (0.03) 0.26 (0.02) 0.25 (0.02)
Covariance® | 0.008 (0.013) | 0.013 (0.013) | 0.010 (0.016) | 0.071 (0.016) | -0.026 (0.017)
SNP-r, (SE) 0.04 (0.06) 0.05 (0.05) 0.05 (0.09) 0.32 (0.07) -0.13 (0.09)
At-COV(SE) 1.0 (0.04) 1.0 (0.05) 1.0 (0.03) 1.2 (0.04) 0.9 (0.04)
Mg 1.1 1.1 1.1 1.3 <1
p° p=0.53 p=0.31 p=0.53 p = 6.8e-06 p=0.13
. d
literature”™ | parent®: 1.9 M-A BPD I*%:
Aist sibling®:2.5 2.8,2.6,2.2,2.1 | N/A M-A*'1.6,1.9 | N/A
0.87"
Q*%:“56% of
phenotypic
correlation of
0.63
0 attributable to
. Q" 0.78, shared genetic
literature r, N/A N/A N/A 0.67 influences”
QB: male 0.41
Q": fem 0.23
Q**: male 0.57
Q" fem 0.56
Q”:0.72

Notes to Supplementary Table 1 on next page
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SNP-h?SN P-heritability on the liability scale, ry SNP genetic correlation, A;i-cov : increased risk to 1

degree relatives attributable to SNPs calculated from the SNP-coheritability and K values, i.e. genetic
covariance = SNP-coheritability , A.4-r, increased risk to 1* degree relatives calculated from the SNP-rg, K
values and heritability estimates from family studies listed in Table 1. This provides a benchmark for
comparison with literature estimates under the assumption that the genetic correlation is the same across
the allelic spectrum.

Abbreviations: M-A: meta-analysis, Q: quantitative scores, N/A to our knowledge.

a: The estimates of SNP- h? estimated from the bivariate analyses differ slightly from the univariate

estimates, because the sample sets differ (overlapping samples, removed and QC based on pairwise
relationship), SNP sets differ (imputation R2 > 0.6 in all imputation cohorts in the analysis), as well as
because the maximum likelihood estimate in the bivariate analysis will optimize based on information from
both disorders.

b: Covariance or SNP-coheritability

c: p values of HO: SNP-coheritability = 0.

d: Where possible we have selected meta-analyses or large studies. Note that these estimates may reflect
but genetic and environmental factors that increase risk to relatives

e: The four estimates from this study of national records in Sweden are 1) risk of SCZ in relative when
proband has BPD 2) risk of BPD in relative when proband has SCZ 3) risk of SCZ in adopted away relatives
when proband has BPD, 4) risk of BPD in adopted away relatives when proband has SCZ

f: See supplementary Table 9.

g: Small study of 29 children who were 1*-degree relatives of SCZ and 30 healthy controls

h: 3.1= Risk of BPD in relatives of probands with unipolar disorder (MDD)/Risk of BPD in controls
2.2%/0.7%, 2.7=Risk of unipolar disorder(MDD) in relatives of probands with BPD/Risk of MDD in controls
14.1%/5.2%.

i: Swedish national study

j: 67 twin pairs proband with BPD and 177 twin pairs proband with unipolar disorder (MDDD).

k: The meta-analysis study considered only bipolar disorder 1 (BPDI). The four estimates are: 1) Risk of
ADHD in 1% degree relatives of BPD1 child probands 2) Risk of ADHD in 1* degree relatives of BPD1 adult
probands 3) Risk of BPD1 in 1* degree relatives of ADHD adult probands 4) Risk of BPD1 in 1* degree
relatives of ADHD child probands

I: 1.6 = 13.2% rate of depression in relatives of ADHD children/ 8.2% rate of depression in relatives of
control children. 1.9 = 12.4% of children of depressed parents had ADHD/6.6% of children of control
parents had ADHD

m: 645 twin pairs, birth cohort, genetic correlation based on quantitative scores of hyperactivity and mood.



Supplementary Table 2. Bivariate analysis for SCZ/BPD limiting data sets to those that have been
collected totally independently.

Trait 1/ trait 2 SNPs Cases Controls Trait 1 Trait 2 rg (SE) covariance
T1/T2 T1/T2 h? (SE) h? (SE) OR co-
heritability
SE)
SCZ/BPD 909307 | 6968/5589 | 5392/4445 0.23(0.01) | 0.23(0.02) | 0.59(0.05) | 0.14 (0.01)

h2- SN P-heritability on the liability scale, ry SNP genetic correlation

SCZ data sets included: ISC- Aberdeen, ISC-Cardiff (Bulgarian), ISC-Dublin, ISC-Edinburgh, ISC-Portugal, ISC-
SW1, ISC-SW2, MGS, SGENE-Copenhagen, SGENE-Munich, SGENE-UCLA, Zucker Hillside.

SCZ data sets excluded: Cardiff UK, CATIE, ISC-London, SGENE-Bonn, SGENE-TOP3 (data set names as in™°)
BPD data sets included: BOMA, GSK, STEP1, STEP2, TOP, UCL, Pritzker, WTCCC

BPD data sets excluded: GAIN/BiGS, Dublin, Edinburgh (data set names as in)
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Supplementary Table 3. Genomic partitioning by annotation

Estimated proportion of variance in liability (SNP-heritability, h?) explained by SNPs in CNS+ genes other

genes and non-genes for the five disorders from univariate analyses and SNP -coheritability from bivariate
analyses for the 5 pairs of disorders with significant genome-wide SNP correlations in Supplementary Table

2.
h?2 (SE) accounted for by SNPs attributed to:
No. SNPs
Cases Controls CNS+ Other Not Proportion
(2725 genes) (14804 genes) in CNS+ (SE)
p-value
Nov4 9087 12171 0.071 (0.005) | 0.079 (0.006) | 0.076(0.006) | 0.30(0.021)
195044 355562 364748 7.6 e-08
BPD 6704 9031 0.078 (0.007) | 0.103 (0.009) | 0.065 (0.008) | 0.32(0.026)
213226 387545 395200 5.4e-06
MDD 9041 9381 0.053 (0.011) | 0.079(0.014) | 0.081(0.014) | 0.25(0.049)
206133 373115 381845 0.32
ASD 3303 3428 0.055 (0.014) | 0.047 (0.017) | 0.066 (0.018) | 0.33 (0.080)
209785 381897 390418 0.10
ADHD 4163 12040 0.063 (0.013) | 0.096 (0.016) | 0.122(0.016) | 0.22(0.041)
197342 357278 362446 0.54
SCZ/BPD 9032/6664 7980/5258 0.055 (0.005) | 0.043(0.006) | 0.052(0.007) | 0.37(0.031)
193601 353120 362586 8.5e-08
SCZ/MDD 9051/8998 10385/7823 0.018 (0.006) | 0.029 (0.007) | 0.039(0.008) | 0.21 (0.060)
188535 343565 353348 0.92
BPD/MDD 6665/8997 7408/7680 0.028 (0.007) | 0.029 (0.009) | 0.045 (0.009) | 0.27 (0.059)
200626 364387 373597 0.23
SCZ/ASD 9111/3226 12146/3308 0.009 (0.006) | 0.013(0.008) | 0.009 (0.008) | 0.29(0.179)
190530 348023 358074 0.53
MDD/ADHD | 8936/4098 | 8668/11233 0.018 (0.008) | 0.024 (0.010) | 0.028 (0.011) | 0.25(0.105)
173665 315210 325027 0.63
CcD 5054 11496 0.033 (0.005) | 0.124 (0.006) | 0.027 (0.006) | 0.19 (0.023)
216951 393544 397565 0.40

The p-values test HO: proportion of variance explained by SNPs in CNS+ genes = v, where v is the proportion
of SNPs in the analysis attributed to the CNS+ genes.
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Supplementary Table 4. Genomic partitioning by minor allele frequency (MAF) of SNPs for SCZ/BPD

analysis
h? (SE) rq (SE) Covariance
OR
coheritability
(SE)
MAF no. SNP SCz BPD
<0.1 156900 0.02 (0.01) 0.02 (0.01) 0.59 (0.34) 0.004 (0.002)
0.1<<0.2 208042 0.06 (0.01) 0.04 (0.01) 0.62 (0.17) 0.011 (0.003)
0.2<<0.3 190274 0.05 (0.01) 0.05 (0.01) 0.70(0.15) 0.014 (0.003)
0.3<<0.4 180764 0.05 (0.01) 0.05 (0.01) 0.68 (0.16) 0.013 (0.003)
0.4<<0.5 173327 0.05 (0.01) 0.05 (0.01) 0.77 (0.14) 0.016 (0.002)
sum 909307 0.22 0.21

h2- SN P-heritability on the liability scale, ry SNP genetic correlation

Nature Genetics: doi:10.1038/ng.2711




Supplementary Table 5. Univariate and bivariate analyses for sub-cohorts
A: Univariate analyses for sub-cohorts

Sub-cohort SNPs Cases | Controls hczc (SE) h? (SE) h? (SE)
observed liability scale | liability scale
scale
case/control

SCz K=0.01 K=0.005
Subl 915354 3220 3445 0.49 (0.04) 0.27 (0.02) 0.23 (0.02)
Sub2 915354 2571 2419 0.55 (0.06) 0.31(0.03) 0.26 (0.03)
Sub3 915354 3296 6307 0.44 (0.03) 0.27 (0.02) 0.23 (0.02)

BPD K=0.01 K=0.005
Subl 995971 2465 4058 0.49 (0.05) 0.30(0.03) 0.25(0.02)
Sub2 995971 2540 2058 0.44 (0.07) 0.24 (0.04) 0.21 (0.03)
Sub3 995971 1699 2915 0.73 (0.06) 0.43 (0.04) 0.37 (0.03)

MDD K=0.15 K=0.07
Subl 962093 3077 3420 0.22 (0.05) 0.27 (0.06) 0.21 (0.04)
Sub2 962093 3785 3289 | 0.23(0.04) | 0.27(0.05) | 0.22(0.04)
Sub3 962093 2179 2672 0.34(0.06) | 0.41(0.08) | 0.32(0.06)

ADHD K=0.05

Sub1 917066 1736 1766 | 0.23(0.09) | 0.20(0.08)
Sub2 917066 2427 | 10274 | 030(0.03) | 0.41(0.03)

ASD K=0.01
Sub1 982100 1893 1888 | 0.31(0.08) | 0.17(0.05)
Sub2 982100 1540 1540 | 0.29(0.10) | 0.16(0.06)

K lifetime probability of disorder.
Subset membership using the cohort names given in the primary PGC publications.

SCz

Subl: ISC-Aberdeen, ISC-Cardiff, ISC-Dublin, ISC-Edinburgh, ISC-London, ISC-Portugal, ISC-SW1, ISC-SW2
Sub2: MGS

Sub3: SGENE-Bonn, SGENE-CH, SGENE-MUN, SGENE-TOP3, SGENE-UCLA, Cardiff, CATIE, Zucker Hillside
BPD

Subl: BOMA, GSK, TOP, UCL, Edinburgh, Dublin

Sub2: GAIN&BIGS, STEP1, STEP2,Pritzer

Sub3: WTCCC

MDD

Subl: GAIN, MDD2000-QIMR_610, MDD2000-QIMR_317

Sub2: GenRed, STAR*D, RADIANT(UK)

Sub3: RADIANT(GER)+Bonn/Mann., MPIP, GSK

ADHD

Subl: CHOP,IMAGE, PUWMa included in'® and a Canadian cohort® (all trio samples used to generate cases
and pseudo controls)

Sub2: IMAGEII from®® and samples from UK*, Germany?! and Spain (genotyped on Illumina Omnil and with
clinical cohort described in*) (all case-control samples).

ASD

Subl: AGP, AGP2

Sub2: CHOP, Finland, JHU, MonBos, SSC in two imputation cohorts (lllumina Infinium 1Mv3 (duo) and
lumina Infinium 1Mv1).

Nature Genetics: doi:10.1038/ng.2711



B: Bivariate analyses for sub-cohorts

Trait 1/ trait 2 SNPs Cases Controls Trait 1 Trait 2 rg (SE) Covariance

T1/T2 T1/T2 h? (SE) h2 (SE) OR co-

heritability

SE)
SCZ, K=0.01

Sub1/Sub2 | 915354 | 3220/2571 | 3445/2419 | 0.26(0.02) | 0.29(0.03) | 0.84(0.09) | 0.23(0.02)

Sub1/Sub3 | 915354 | 3220/3296 | 3445/6307 | 0.26(0.02) | 0.27(0.02) | 0.89(0.07) | 0.23(0.02)

Sub2/Sub3 | 915354 | 2571/3296 | 2419/6307 | 0.30(0.03) | 0.26(0.02) | 0.79(0.08) | 0.22(0.02)
BPD, K =0.01

Sub1/Sub2 99597 | 2465/2540 | 4058/2058 | 0.30(0.03) | 0.24(0.04) | 0.63(0.11) | 0.17 (0.03)

Sub1/Sub3 99597 | 2465/1699 | 4058/2915 | 0.28(0.03) | 0.42(0.04) | 0.88(0.09) | 0.30(0.03)

Sub2/Sub3 99597 | 2540/1699 | 2058/2915 | 0.24(0.04) | 0.43(0.04) | 0.55(0.10) | 0.18 (0.03)
MDD, K=0.15

Sub1/Sub2 | 962093 | 3077/3785 | 3420/3289 | 0.27(0.06) | 0.27(0.05) | 0.65(0.16) | 0.18 (0.04)

Sub1/Sub3 | 962093 | 3077/2179 | 3420/2672 | 0.27(0.06) | 0.41(0.07) | 0.63(0.16) | 0.21(0.05)

Sub2/Sub3 | 962093 | 3785/2179 | 3289/2672 | 0.27(0.05) | 0.40(0.07) | 0.38(0.14) | 0.12 (0.05)
ADHD, K=0.05

Subl/Sub2 | 917066 | 1736/2427 | 1766/10274 | 0.21(0.07) | 0.41(0.03) | 0.71(0.17) | 0.21(0.05)
ASD, K=0.01

Sub1/sSub2 | 982100 | 1893/1410 | 1888/1540 | 0.16(0.05) | 0.15(0.06) | 1.17(0.34) | 0.18(0.05)
h2- SNP-heritability on the liability scale, r, SNP genetic correlation

8

Nature Genetics: doi:10.1038/ng.2711




Supplementary Table 6. Bivariate analyses between psychiatric disorders and Crohn’s Disease (CD)
control

Trait 1/ trait2 | SNPs ?iﬁ; C?;;gs ;232;) ;I;a;tss) : S’ 4 ﬁgvﬁg'ﬁgjﬁﬁs
cD/scz 899550 | 4793/9074 | 9125/10224 | 0.18(0.01) | 0.23 (0.01) ('8'&1) 0.00 E)O.-7001) P
CD/BPD 960646 | 4810/6688 | 9143/7091 | 0.18(0.01) | 0.23 (0.01) (‘ggj) 'Oﬁozl (()‘.)2-21)
CD/MDD 942496 | 4827/9019 | 10600/8896 | 0.18(0.01) | 0.20(0.02) (gzgg) O'F?S 5)0.-7001)
CD/ASD 954950 | 5019/3180 | 11491/3271 | 0.19 (0.01) | 0.16 (0.03) ('8'&7) '0'?;.(;01)
CD/ADHD 843722 | 4839/4166 | 9501/10193 | 0.16(0.01) | 0.26(0.02) (‘8'8;) 0';’2 5)0.-7011)
WCD/BPD® | 960646 | 1671/4996 | 1494/5685 | 0.24(0.03) | 0.21(0.02) (8:82) O'F?i 5)0.-7042)

a: This analysis used the CD sample (WCD) from the Wellcome Trust Case Control Consortium? (WTCCC)
and Subsets 1 and 2 from BPD. Bipolar subset 3 (BPD3) was the WTCCC BPD sample. Since WCD and BPD3
use the same controls, the significant covariance between BP1 & BP3 and BP2 & BP3 compared to no
covariance for BPD1+BPD2 & WCD reflects genome-wide genetic similarity between the BPD cases. In all
our analyses highly related individuals are excluded so that in the CD/BPD analysis WTCCC controls are
randomly shared between the CD and BPD sets.



Supplementary Table 7. Bivariate analysis for SCZ/BPD and SCZ/MDD excluding SCZ cohorts that include
some schizoaffective disorder cases

Trait 1/ trait 2 SNPs Cases Controls Trait 1 Trait 2 rq (SE) covariance
T1/T2 T1/T2 h? (SE) h? (SE) OR co-
heritability
SE)

SCZ/BPD 909307 | 5308/6664 | 5623/5258 | 0.25(0.01) | 0.22(0.01) | 0.68(0.05) | 0.16 (0.01)
SCZ/MDD 909307 | 5316/8998 | 7810/7823 | 0.25(0.01) | 0.22(0.02) | 0.38(0.06) | 0.09 (0.01)

Cohorts excluded from SCZ (cohort names given in the primary PGC publication®®)
ISC-Portugal, MGS, SGENE-CH, SGENE-TOP3, Zucker Hillside

Supplementary Table 8. Bivariate analysis for BPD/MDD excluding MDD community-based samples

Trait 1/ trait 2 SNPs Cases Controls Trait 1 Trait 2 rq (SE) covariance
T1/T2 T1/T2 h? (SE) h? (SE) OR co-
heritability
SE)
BPD/MDD 938610 | 6665/5916 | 7408/4169 0.23(0.01) | 0.23(0.04) | 0.54(0.08) | 0.12(0.02)

h2- SN P-heritability on the liability scale, ry SNP genetic correlation

MDD data sets included: GenRed, GSK, MPIP, RADIANT (GER)+Bonn/Mannheim, RADIANT (UK), STAR*D.
MDD data sets excluded: GAIN (partly a community-based sample), MDD2000-QIMR_610, MDD200-

QIMR_317. (Data set names as in%*).
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Supplementary Table 9. Meta-analysis of the relative risk (odds ratio) for schizophrenia and MDD
(unipolar disorder) among first-degree relatives of schizophrenic probands in controlled family studies

MDD
lowa Family Study® 0.9 (0.6-1.4)°
NIMH?® 2.2 (1.2-3.2)°
Danish Adoption Study®’ 1.8 (0.6-4.9)°
Roscommon Family Study®® 1.7 (1.2-2,6)°
Mainz Family Study® 1.7 (1.1-2.6)°
Finnish Adoption Study® 0.6 (0.2-1.6)°
New York Study™* 1.0 (0.4-1.9)°
Bonn-Mainz multi-generation study® 2.6 (1.4-4.1)°
New York High Risk Study?* 1.0 (0.5-2.1)°
Copenhagen High Risk Study®* 1.3 (0.6-3.0)'
Washington University St Louis Study® 1.1 (0.2-5.9)%
Meta-analysis 1.5(1.2-1.8)

a. As reported in>

b. Relative risk (RR) based on offspring with either depressive disorder with psychosis or nonpsychotic depression

RR=((2+4)/137)/((1+13)/192)

c. RR uses N affected as reported in their Table 1 and age-adjusted N from their footnote. RR=(17/329.2)/(18/337.4)

d. RR uses age-adjusted prevalences from their Table 3 and N from their Table 2. RR=(22.4/8.5)
e. RR =(1.2+26.2)/(0+27.2) from their Table 2, psychotic and non-psychotic major depression
f. We used the estimates from the non-hierarchical data since we could not account for censoring in the hierarchical

data. From their Table 3 hierarchical diagnosis RR=11.9/8.9.
Odds ratios and relative risks are considered interchangeable.

Nature Genetics: doi:10.1038/ng.2711
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SUPPLEMENTARY FIGURES

A. Proportion of variance in liability (SNP-heritability) explained by SNPs from each chromosome for SCZ

from a SCZ/BPD bivariate analysis.
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B. Proportion of variance in liability (SNP-heritability) explained by SNPs from each chromosome for BPD

from a SCZ/BPD bivariate analysis-

005 1
#  Separate analysis
B Joint analysis
z Linear (Separate analysis)
= Linear (Joint analysis)
S 004
£
£ y = 0.00009x - 0.00107
o R =0.61870
2
& 0.03
‘s
T
>
c
.E 0.02
o
g
= 8
= 0.00008x - 0.00082
001 R*=0.64443
1} L&
0 50 100 150 200 250
Chromosome length (Mb)

C. Proportion of covariance in liability (SNP-coheritability) explained by SNPs from each chromosome

SCz/BPD

0.024 4
® Separate analysis
B Joint analysis
B N y =0.00007x - 0.00082
| inear (Separate analysis) R* = 0.67207

| inear (Joint analysis)

0.018 g

0.012

y=0.00006x -0.00119
R?=0.70937

genetic covariance in liability

o 50 100 150 200 250

Chromosome length (Mb)

Nature Genetics: doi:10.1038/ng.2711



D. SNP genetic correlation between SCZ/BPD
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Supplementary Figure 1. Chromosome partitioning of genetic variance for schizophrenia (A), bipolar
disorder (B), genetic covariance between schizophrenia and bipolar disorder (C) and genetic correlation

between schizophrenia and bipolar disorder (D) from a bivariate analysis fitting 22 chromosomes.
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A. SCZ before relatedness cut-off < 0.05 (9431 cases and 12848 controls). The number of individuals
outside the bounds of CEU + 6 sd (dotted lines) is 33.
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B: SCZ after relatedness cut-off < 0.05 (9087 case and 12171 controls)
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C: BPD before relatedness cut-off < 0.05 (8275 cases and 10532 controls). The number of individuals
outside the bounds of CEU £ 6 sd (dotted lines) is 28.
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E: MDD before relatedness cut-off < 0.05 (9322 cases and 10306 controls). The number of individuals
outside the bounds of CEU £ 6 sd (dotted lines) is 43.
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G: ADHD before relatedness cut-off < 0.05 (4607 cases and 12659). The number of individuals outside the
bounds of CEU = 6 sd (dotted lines) is 38.
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I: ASD before relatedness cut-off < 0.05 (3661 cases and 4040 controls). Excluding the 144 outliers does not

change the estimate of SNP heritability.
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Supplementary Figure 2. Principal Component Analysis for each disorder. Mapped with HapMap3

samples. Pink: YRI, Blues: CHB and JPT, Yellow and red: SCZ cases and controls, Green: CEU (usually hidden

behind cases and controls)
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