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Supplementary	 Figure	 1.	 The	 Distribution	 of	 Indications	 in	 the	 iPSYCH	 GWAS	 Cohort.	 The	
histogram	in	the	upper	right	panel	depicts	the	counts	for	cases	and	controls	as	defined	for	the	
XDX	GWAS.		It	also	depicting	the	number	of	single	and	multiple	indication	cases.		The	lower	left	
panel	shows,	in	each	row,	a	pattern	of	indications	observed	in	the	iPysch	patient	population,	with	
filled	boxed	representing	presence,	white	absence	and	grey	untested.	The	OTH	indication	was	
only	assigned	to	patients	who	did	not	have	an	ascertained	indication,	so	is	depicted	as	grey	across	
other	 patterns.	 	 The	 histogram	 in	 the	 upper	 left	 panel	 shows	 the	 counts	 for	 each	 individual	
indication.		These	numbers	sum	to	more	than	the	total	number	of	patients	because	individuals	
with	multiple	 indications	contribute	to	 the	counts	 for	both.	 	The	histogram	 in	 the	 lower	right	
panel	depicts	the	counts	for	observed	patterns	of	indications.		
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Supplementary	Figure	2.		Multiple	iPSYCH-eGWAS	genetic	correlation	versus	other	cross-cohort	
estimates.	iPSYCH-external	study	genetic	correlations	of	the	same	disorder	are	consistent	with	
previous	 reports	 of	 across-cohort	 within-disorder	 genetic	 correlations.	 Here	 we	 present	 the	
genetic	 correlations	 reported	 in	 Figure	 1C	 alongside	 similar	 estimates	 obtained	 from	
Supplementary	Table	5B	of	Lee	et	al1.	 	Bar	height	denotes	genetic	correlation	point	estimate,	
error	bars	are	estimate	standard	errors.	Sample	Sizes:	ADHD,	n	=	cases	14500,	controls	18597;	
eADHD,	n	=	cases	2960,	controls	9240;	adhd1,	n	=	cases	1736,	controls	=	1766;	adhd2,	n	=	cases	
2427,	controls	=	10274;	AFF,	n	=	cases	18597,	controls	3236;	eAFF,	n	=	cases	9240,	controls	3495;	
mdd1,	n	=	cases	3077,	controls	=	3420;	mdd2,	n	=	cases	3785,	controls	=	3289;	mdd3,	n	=	cases	
2179,	controls	=	2672;	ASD,	n	=	cases	12371,	controls	1404;	eASD,	n	=	cases	7387,	controls	9784;	
asd1,	n	=	cases	1893,	controls	=	1888;	asd2,	n	=	cases	1540,	controls	=	1540;	BIP,	n	=	cases	1404,	
controls	2429;	eBIP,	n	=	cases	9784,	controls	34241;	bip1,	n	=	cases	2465,	controls	=	4058;	bip2,	
n	=	 cases	2540,	 controls	 =	2058;	bip3,	n	=	 cases	1699,	 controls	 =	2915;	 SCZ,	n	=	 cases	2429,	
controls	33332;	eSCZ,	n	=	cases	34241,	controls;	scz1,	n	=	cases	3220,	controls	=	3445;	scz2,	n	=	
cases	2571,	controls	=	2419;	scz3,	n	=	cases	3296,	controls	=	6307.	
	
1	 Cross-Disorder	Group	of	the	Psychiatric	Genomics	Consortium	et	al.	Genetic	relationship	
between	five	psychiatric	disorders	estimated	from	genome-wide	SNPs.	Nat	Genet	45,	984-994,	
doi:10.1038/ng.2711	(2013).	 	



	
	
Supplementary	Figure	3.		iPSYCH-eMDD	genetic	correlation	versus	other	cross-cohort	estimates.		
The	 iPSYCH-external	 study	 genetic	 correlation	 for	 affective	 disorder	 is	 consistent	 with	 the	
magnitude	 of	 across-study	 genetic	 correlations	 described	 in	 a	 recent	 meta-analysis,	 which	
includes	 a	 broader	 assessment	 of	 the	 iPSYCH	 genetic	 correlations	with	multiple	 independent	
cohorts.	 	 Bar	 height	 represents	 LDSC	 genetic	 correlation	 point	 estimate,	 bars	 are	 estimate	
standard	errors.		Data	was	taken	from	Supplementary	Table	3	of	Wray	et	al1.	Sample	sizes:	AFF,	
n	=	cases	18597,	controls	3236;	eAFF,	n	=	cases	9240,	controls	3495;	iPSYCH,	n	=	cases	18629,	
controls	17841;	PGC29,	n	=	cases	16823,	controls	25632;	deCODE,	n	=	cases	1980,	controls	9536;	
GenScot,	n	=	cases	997,	controls	6358;	GERA,	n	=	cases	7162,	controls	38307;	UKBiobank,	n	=	
cases	14260,	controls	15480;	23andMe,	n	=	cases	75607,	controls	231747.	
	

AF
F−

eA
FF

iP
SY

CH
 −

 P
G

C2
9

iP
SY

CH
 −

 d
eC

O
DE

iP
SY

CH
 −

 G
en

Sc
ot

iP
SY

CH
 −

 G
ER

A

iP
SY

CH
 −

 U
KB

io
ba

nk

iP
SY

CH
 −

 2
3a

nd
M

e

23
an

dM
e 
− 

PG
C2

9

23
an

dM
e 
− 

de
CO

DE

23
an

dM
e 
− 

G
en

Sc
ot

23
an

dM
e 
− 

G
ER

A

23
an

dM
e 
− 

UK
Bi

ob
an

k

UK
Bi

ob
an

k 
− 

PG
C2

9

UK
Bi

ob
an

k 
− 

de
CO

DE

UK
Bi

ob
an

k 
− 

G
en

Sc
ot

UK
Bi

ob
an

k 
− 

G
ER

A

G
ER

A 
− 

PG
C2

9

G
ER

A 
− 

de
CO

DE

G
ER

A 
− 

G
en

Sc
ot

G
en

Sc
ot

 −
 P

G
C2

9

G
en

Sc
ot

 −
 d

eC
O

DE

de
CO

DE
 −

 P
G

C2
9

SN
P 

G
en

et
ic 

Co
rre

la
tio

n

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4
Figure 1C / LDSC
Wray et al / LDSC



1	 Wray,	N.	R.	et	al.	Genome-wide	association	analyses	identify	44	risk	variants	and	refine	
the	genetic	architecture	of	major	depression.	Nat	Genet	50,	668-681,	doi:10.1038/s41588-018-
0090-3	(2018).	 	
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Supplementary	Figure	4.		Each	indication	shows	at	least	moderate	genetic	correlation	with	the	
union	of	all	other	indications.		Here	we	used	bivariate	GCTA	to	estimate	the	genetic	correlation	
(solid	bars)	between	all	individuals	(A)	with	a	given	indication	and	the	complimentary	portion	of	
the	 XDX	 case-cohort	 (XDX	 less	 A).	We	 also	 estimated	 the	 same	 genetic	 correlation	 excluding	
comorbid	cases	from	the	single	disorder	cohort	(E),	but	keep	the	controls	unchanged	(XDX	less	
A).		The	estimates	were	repeated	using	LDSC	to	estimate	genetic	correlations	(striped	bars).		Error	
bars	denote	estimate	standard	errors	of	point	estimates.		Sample	sizes:	ADHD-A-GCTA,	n	=	7601	
cases,	8988	controls;	ADHD-E-GCTA,	n	=	5293	cases,	8988	controls;	ADHD-XDX	less	A-GCTA,	n	=	
17733	cases,	8989	controls;	ADHD-A-LDSC,	n	=	14500	cases,	19526	controls;	ADHD-E-LDSC,	n	=	
10236	cases,	19526	controls;	ADHD-XDX	less	A-LDSC,	n	=	31508	cases,	19526	controls;	AFF-A-
GCTA,	n	=	9929	cases,	8988	controls;	AFF-E-GCTA,	n	=	7854	cases,	8988	controls;	AFF-XDX	less	A-
GCTA,	n	=	15405	cases,	8989	controls;	AFF-A-LDSC,	n	=	18597	cases,	19526	controls;	AFF-E-LDSC,	
n	=	14704	cases,	19526	controls;	AFF-XDX	less	A-LDSC,	n	=	27411	cases,	19526	controls;	ANO-A-
GCTA,	n	=	1837	cases,	8988	controls;	ANO-E-GCTA,	n	=	1184	cases,	8988	controls;	ANO-XDX	less	
A-GCTA,	n	=	23497	cases,	8989	controls;	ANO-A-LDSC,	n	=	3236	cases,	19526	controls;	ANO-E-
LDSC,	n	=	2065	cases,	19526	controls;	ANO-XDX	less	A-LDSC,	n	=	42772	cases,	19526	controls;	
ASD-A-GCTA,	n	=	6939	cases,	8988	controls;	ASD-E-GCTA,	n	=	4825	cases,	8988	controls;	ASD-XDX	
less	A-GCTA,	n	=	18395	cases,	8989	controls;	ASD-A-LDSC,	n	=	12371	cases,	19526	controls;	ASD-
E-LDSC,	n	=	8605	cases,	19526	controls;	ASD-XDX	less	A-LDSC,	n	=	33637	cases,	19526	controls;	
BIP-A-GCTA,	n	=	780	cases,	8988	controls;	BIP-E-GCTA,	n	=	560	cases,	8988	controls;	BIP-XDX	less	
A-GCTA,	n	=	24554	cases,	8989	controls;	BIP-A-LDSC,	n	=	1404	cases,	19526	controls;	BIP-XDX	less	
A-LDSC,	n	=	44604	cases,	19526	controls;	OTH-E-GCTA,	n	=	1097	cases,	8988	controls;	OTH-XDX	
less	A-GCTA,	n	=	24237	cases,	8989	controls;	OTH-E-LDSC,	n	=	1090	cases,	19526	controls;	OTH-
XDX	less	A-LDSC,	n	=	44918	cases,	19526	controls;	SCZ-A-GCTA,	n	=	1330	cases,	8988	controls;	
SCZ-E-GCTA,	n	=	632	cases,	8988	controls;	SCZ-XDX	less	A-GCTA,	n	=	24004	cases,	8989	controls;	
SCZ-A-LDSC,	n	=	2429	cases,	19526	controls;	SCZ-E-LDSC,	n	=	1173	cases,	19526	controls;	SCZ-XDX	
less	A-LDSC,	n	=	43579	cases,	19526	controls	



	
Supplementary	 Figure	 5.	 	 Z-score	 concordance	 between	 iPSYCH	 XDX	 GWAS	 and	 the	 eADHD	
GWAS.		The	z-scores	for	the	best	proxy	SNPs	in	the	eADHD	GWAS	are	plotted	against	the	z-scores	
for	the	same	SNPs	from	the	XDX	GWAS.	Genome-wide	significant	XDX	loci	1-4	are	shown	with	
green	dots	and	suggestive	loci	5-46	are	shown	with	gold.		Black	line	shows	linear	regression	slope	
(N=49	z-score	pairs;	linear	regression:	b	=	0.11,	s.e.	=	0.03;	t	=	3.14;	two	sided	p	=	2.9	x	10-3).		Grey	
bars	depict	 the	mean	and	one	standard	deviation	 interval	of	 replication	effects	 for	SNPs	with	
positive	or	negative	effects	in	the	XDX	GWAS.		This	concordance	is	significant	after	correction	for	
multiple	testing	(p	<	5x10-3,	correcting	for	10	concordance	tests).	
	
	 	



	

	
	

	
Supplementary	Figure	6.		Z-score	concordance	between	iPSYCH	XDX	GWAS	and	the	eASD	GWAS.		
The	z-scores	for	the	best	proxy	SNPs	in	the	eASD	GWAS	are	plotted	against	the	z-scores	for	the	
same	SNPs	from	the	XDX	GWAS.	Genome-wide	significant	XDX	loci	1-4	are	shown	with	green	dots	
and	suggestive	loci	5-46	are	shown	with	gold.		Black	line	shows	linear	regression	slope	(N=50	z-
score	pairs;	linear	regression:	b	=	0.10,	s.e.	=	0.03;	t	=	2.93;	two	sided	p	=	5.1	x	10-3).		Grey	bars	
depict	the	mean	and	one	standard	deviation	interval	of	replication	effects	for	SNPs	with	positive	
or	 negative	 effects	 in	 the	 XDX	GWAS.	 This	 concordance	 is	 trending,	 but	 not	 significant	 after	
correction	for	multiple	testing	(p	>	5x10-3,	correcting	for	10	concordance	tests).	
	 	



	
	

Supplementary	Figure	7.		Z-score	concordance	between	iPSYCH	XDX	GWAS	and	the	eBIP	GWAS.		
The	z-scores	for	the	best	proxy	SNPs	in	the	eBIP	GWAS	are	plotted	against	the	z-scores	for	the	
same	SNPs	from	the	XDX	GWAS.	Genome-wide	significant	XDX	loci	1-4	are	shown	with	green	dots	
and	suggestive	loci	5-46	are	shown	with	gold.		Black	line	shows	linear	regression	slope	(N=50	z-
score	pairs;	linear	regression:	b	=	0.01,	s.e.	=	0.04;	t	=	0.17;	two	sided	p	=	0.87).		Grey	bars	depict	
the	mean	and	one	 standard	deviation	 interval	of	 replication	effects	 for	SNPs	with	positive	or	
negative	effects	in	the	XDX	GWAS.		
	 	



	
	

Supplementary	Figure	8.		Z-score	concordance	between	iPSYCH	XDX	GWAS	and	the	eANO	GWAS.		
The	z-scores	for	the	best	proxy	SNPs	in	the	eANO	GWAS	are	plotted	against	the	z-scores	for	the	
same	SNPs	from	the	XDX	GWAS.	Genome-wide	significant	XDX	loci	1-4	are	shown	with	green	dots	
and	suggestive	loci	5-46	are	shown	with	gold.		Black	line	shows	linear	regression	slope	(N=50	z-
score	pairs;	linear	regression:	b	=	-0.004,	s.e.	=	0.05;	t	=	-0.08;	two	sided	p	=	0.94).		Grey	bars	
depict	the	mean	and	one	standard	deviation	interval	of	replication	effects	for	SNPs	with	positive	
or	negative	effects	in	the	XDX	GWAS.	 	



	
	

Supplementary	Figure	9.		Z-score	concordance	between	iPSYCH	XDX	GWAS	and	the	eAFF	GWAS.		
The	z-scores	for	the	best	proxy	SNPs	in	the	eAFF	GWAS	are	plotted	against	the	z-scores	for	the	
same	SNPs	from	the	XDX	GWAS.	Genome-wide	significant	XDX	loci	1-4	are	shown	with	green	dots	
and	suggestive	loci	5-46	are	shown	with	gold.		Black	line	shows	linear	regression	slope	(N=49	z-
score	pairs;	linear	regression:	b	=	0.06,	s.e.	=	0.04;	t	=	1.41;	two	sided	p	=	0.17).		Grey	bars	depict	
the	mean	and	one	 standard	deviation	 interval	of	 replication	effects	 for	SNPs	with	positive	or	
negative	effects	in	the	XDX	GWAS.	 	



	
Supplementary	Figure	10.		Z-score	concordance	between	iPSYCH	XDX	GWAS	and	the	eSR-MDD	
GWAS.		The	z-scores	for	the	best	proxy	SNPs	in	the	eSR-MDD	GWAS	are	plotted	against	the	z-
scores	for	the	same	SNPs	from	the	XDX	GWAS.	Genome-wide	significant	XDX	loci	1-4	are	shown	
with	green	dots	and	suggestive	loci	5-46	are	shown	with	gold.		Black	line	shows	linear	regression	
slope	(N=3	z-score	pairs;	linear	regression:	b	=	1.43,	s.e.	=	0.06;	t	=	22.63;	two	sided	p	=	0.028).		
Grey	bars	depict	the	mean	and	one	standard	deviation	 interval	of	replication	effects	for	SNPs	
with	 positive	 or	 negative	 effects	 in	 the	 XDX	GWAS.	 	 This	 concordance	 is	 not	 significant	 after	
correction	for	multiple	testing	(p	>	5x10-3,	correcting	for	10	concordance	tests).	 	



	
Supplementary	Figure	11.		Z-score	concordance	between	iPSYCH	XDX	GWAS	and	the	eXDX	GWAS.		
The	z-scores	for	the	best	proxy	SNPs	in	the	eXDX	GWAS	are	plotted	against	the	z-scores	for	the	
same	SNPs	from	the	XDX	GWAS.	Genome-wide	significant	XDX	loci	1-4	are	shown	with	green	dots	
and	suggestive	loci	5-46	are	shown	with	gold.		Black	line	shows	linear	regression	slope	(N=49	z-
score	pairs;	linear	regression:	b	=	0.18,	s.e.	=	0.05;	t	=	3.82;	two	sided	p	=	3.9	x	10-4).		Grey	bars	
depict	the	mean	and	one	standard	deviation	interval	of	replication	effects	for	SNPs	with	positive	
or	negative	effects	in	the	XDX	GWAS.	This	concordance	is	significant	after	correction	for	multiple	
testing	(p	<	5x10-3,	correcting	for	10	concordance	tests).	
	
	



	

	
	 	



Supplementary	Figure	12.	LDSC-SEG	with	GTEx	Preferential	Expression	Sets.		Each	bar	represents	the	–log10(p-value)	from	an	LDSC-
SEG	test	of	enrichment	in	the	XDX	GWAS	(n=46,008	cases,	19,526	controls)	for	a	different	tissue	specific	expression	variant	annotation	
from	the	53	in	the	GTEx	set.		The	green	dashed	line	represents	significant	enrichment	(p	<	8.32x10-5	to	correct	for	601	LD-scores)	and	
gold	dashed	line	represents	suggestive	enrichment	(FDR	<	0.05	across	all	601	tests).		Complete	Statistics	presented	in	supplementary	
table	15.	
	 	



	

	
	
	 	



Supplementary	Figure	13.	LDSC-SEG	with	DEPICT	Preferential	Expression	Sets.	Each	bar	represents	the	–log10(p-value)	from	an	LDSC-
SEG	test	of	enrichment	in	the	XDX	GWAS	(n=46,008	cases,	19,526	controls)	for	a	different	tissue	specific	expression	variant	annotation	
from	the	152	in	the	DEPICT	set.		The	green	dashed	line	represents	significant	enrichment	(p	<	8.32x10-5	to	correct	for	601	LD-scores)	
and	 gold	 dashed	 line	 represents	 suggestive	 enrichment	 (FDR	 <	 0.05	 across	 all	 601	 tests).	 Complete	 Statistics	 presented	 in	
supplementary	table	16.



	

	
	
	 	



Supplementary	Figure	14.	LDSC-SEG	with	RoadMap	Chromatin	Marks.		Each	bar	represents	the	–log10(p-value)	from	an	LDSC-SEG	test	
of	enrichment	in	the	XDX	GWAS	(n=46,008	cases,	19,526	controls)	for	a	different	tissue	specific	expression	variant	annotation	from	
the	396	in	the	RoadMap	set.		The	green	dashed	line	represents	significant	enrichment	(p	<	8.32x10-5	to	correct	for	601	LD-scores)	and	
gold	dashed	line	represents	suggestive	enrichment	(FDR	<	0.05	across	all	601	tests).		Complete	Statistics	presented	in	supplementary	
table	18.



		

	
	
	 	



Supplementary	Figure	15.		Annotated	Local	Manhattan	Plot	for	Locus	1.	The	top	panel	depicts	
the	–log10(two-sided	p-values)	from	the	logistic	regression	association	tests	performed	for	the	
XDX	GWAS	(n=46,008	cases,	19,526	controls)	for	variants	in	the	region	of	interest	surrounding	
the	implicated	locus.		The	extent	of	the	linkage	disequilibrium	(LD)	defined	locus	implicated	by	
the	index	SNP	(black	diamond)	is	contained	within	the	pale-yellow	background.		The	color	coding	
of	each	variant	represents	the	strength	of	LD	with	the	index	SNP.		Credible	SNPs	are	encircled	
and	their	position	is	indicated	by	a	vertical	black	bar.		The	bottom	panel	shows	a	selected	set	of	
functional	 elements	 within	 the	 region	 of	 interest.	 Topological	 associated	 domains	 (TAD)	 are	
depicted	by	thick	horizontal	lines,	offset	slightly	to	note	changes,	for	two	fetal	tissues:	Cortical	
Plate	(CO)	and	Germinal	Zone	(GZ).		10	kilo-base	regions	containing	credible	SNPs	are	depicted	
as	black	boxes	and	their	HiC	contact	regions	in	each	fetal	tissue	are	defined	by	thin	line-connected	
colored	 rectangles.	 	 Genes	 and	 functional	 elements	 from	 the	 longest	 transcript	 are	 depicted	
below	 the	 interaction	 schematics,	 and	 the	 union	 of	 credible	 SNP	 contact	 regions	 in	 the	 two	
tissues	are	depicted	by	the	intermediately	colored	pink	background.	
	 	



	

	
	 	



Supplementary	Figure	16.		Annotated	Local	Manhattan	Plot	for	Locus	2.	The	top	panel	depicts	
the	–log10(two-sided	p-values)	from	the	logistic	regression	association	tests	performed	for	the	
XDX	GWAS	(n=46,008	cases,	19,526	controls)	for	variants	in	the	region	of	interest	surrounding	
the	implicated	locus.		The	extent	of	the	linkage	disequilibrium	(LD)	defined	locus	implicated	by	
the	index	SNP	(black	diamond)	is	contained	within	the	pale-yellow	background.		The	color	coding	
of	each	variant	represents	the	strength	of	LD	with	the	index	SNP.		Credible	SNPs	are	encircled	
and	their	position	is	indicated	by	a	vertical	black	bar.		The	bottom	panel	shows	a	selected	set	of	
functional	 elements	 within	 the	 region	 of	 interest.	 Topological	 associated	 domains	 (TAD)	 are	
depicted	by	thick	horizontal	lines,	offset	slightly	to	note	changes,	for	two	fetal	tissues:	Cortical	
Plate	(CO)	and	Germinal	Zone	(GZ).		10	kilo-base	regions	containing	credible	SNPs	are	depicted	
as	black	boxes	and	their	HiC	contact	regions	in	each	fetal	tissue	are	defined	by	thin	line-connected	
colored	 rectangles.	 	 Genes	 and	 functional	 elements	 from	 the	 longest	 transcript	 are	 depicted	
below	 the	 interaction	 schematics,	 and	 the	 union	 of	 credible	 SNP	 contact	 regions	 in	 the	 two	
tissues	are	depicted	by	the	intermediately	colored	pink	background.	
	 	



	
	 	



Supplementary	Figure	17.		Annotated	Local	Manhattan	Plot	for	Locus	3.	The	top	panel	depicts	
the	–log10(two-sided	p-values)	from	the	logistic	regression	association	tests	performed	for	the	
XDX	GWAS	(n=46,008	cases,	19,526	controls)	for	variants	in	the	region	of	interest	surrounding	
the	implicated	locus.		The	extent	of	the	linkage	disequilibrium	(LD)	defined	locus	implicated	by	
the	index	SNP	(black	diamond)	is	contained	within	the	pale-yellow	background.		The	color	coding	
of	each	variant	represents	the	strength	of	LD	with	the	index	SNP.		Credible	SNPs	are	encircled	
and	their	position	is	indicated	by	a	vertical	black	bar.		The	bottom	panel	shows	a	selected	set	of	
functional	 elements	 within	 the	 region	 of	 interest.	 Topological	 associated	 domains	 (TAD)	 are	
depicted	by	thick	horizontal	lines,	offset	slightly	to	note	changes,	for	two	fetal	tissues:	Cortical	
Plate	(CO)	and	Germinal	Zone	(GZ).		10	kilo-base	regions	containing	credible	SNPs	are	depicted	
as	black	boxes	and	their	HiC	contact	regions	in	each	fetal	tissue	are	defined	by	thin	line-connected	
colored	 rectangles.	 	 Genes	 and	 functional	 elements	 from	 the	 longest	 transcript	 are	 depicted	
below	 the	 interaction	 schematics,	 and	 the	 union	 of	 credible	 SNP	 contact	 regions	 in	 the	 two	
tissues	are	depicted	by	the	intermediately	colored	pink	background.		



	
	 	



Supplementary	Figure	18.		Annotated	Local	Manhattan	Plot	for	Locus	4.	The	top	panel	depicts	
the	–log10(two-sided	p-values)	from	the	logistic	regression	association	tests	performed	for	the	
XDX	GWAS	(n=46,008	cases,	19,526	controls)	for	variants	in	the	region	of	interest	surrounding	
the	implicated	locus.		The	extent	of	the	linkage	disequilibrium	(LD)	defined	locus	implicated	by	
the	index	SNP	(black	diamond)	is	contained	within	the	pale-yellow	background.		The	color	coding	
of	each	variant	represents	the	strength	of	LD	with	the	index	SNP.		Credible	SNPs	are	encircled	
and	their	position	is	indicated	by	a	vertical	black	bar.		The	bottom	panel	shows	a	selected	set	of	
functional	 elements	 within	 the	 region	 of	 interest.	 Topological	 associated	 domains	 (TAD)	 are	
depicted	by	thick	horizontal	lines,	offset	slightly	to	note	changes,	for	two	fetal	tissues:	Cortical	
Plate	(CO)	and	Germinal	Zone	(GZ).		10	kilo-base	regions	containing	credible	SNPs	are	depicted	
as	black	boxes	and	their	HiC	contact	regions	in	each	fetal	tissue	are	defined	by	thin	line-connected	
colored	 rectangles.	 	 Genes	 and	 functional	 elements	 from	 the	 longest	 transcript	 are	 depicted	
below	 the	 interaction	 schematics,	 and	 the	 union	 of	 credible	 SNP	 contact	 regions	 in	 the	 two	
tissues	are	depicted	by	the	intermediately	colored	pink	background.		Here,	we	did	not	identify	a	
functional	connection	via	our	criteria,	but	implicate	SORCS3	because	of	the	substantial	overlap	
with	the	gene	body.	
	 	



	
	
Supplementary	Figure	19.		SNP	heritability	estimated	for	each	genotyping	wave.		iPSYCH	subjects	
were	genotyped	in	23	waves,	grouped	according	to	birth	year.		To	assess	the	potential	of	subtle	
genotyping	batch	effects,	we	computed	the	SNP	heritability	for	each	genotype	wave.		We	used	
GREML	in	GCTA	to	estimate	the	SNP	heritability	(bar	height)	by	considering	all	unrelated	design	
control	subjects.		For	a	given	wave,	we	considered	all	subjects	genotyped	in	that	wave	as	cases	
and	all	subjects	from	all	other	ways	as	controls.		We	repeated	this	analysis	for	each	genotyping	
wave.		To	prevent	upward	bias	in	the	average	SNP	heritability	due	to	censoring	of	out	of	bounds	
(negative)	 variance	 component	 estimates	 (which	may	 be	 expected	when	 estimating	 variance	
components	 near	 0)	 we	 used	 the	 –reml-no-constrain	 option.	 The	 average	 genotyping	 wave	
heritability	 is	 very	 close	 to	 0	 (0.001)	 and	 the	 variability	 appears	 qualitatively	 consistent	with	
sampling	variance	around	0.		Error	bars	denote	estimate	standard	errors.		Sample	Sizes:	Wave	1,	
n	=	821	cases,	16200	controls;	Wave	2,	n	=	2128	cases,	14893	controls;	Wave	3,	n	=	794	cases,	
16227	controls;	Wave	4,	n	=	785	cases,	16236	controls;	Wave	5,	n	=	741	cases,	16280	controls;	
Wave	6,	n	=	735	cases,	16286	controls;	Wave	7,	n	=	642	cases,	16379	controls;	Wave	8,	n	=	810	
cases,	16211	controls;	Wave	9,	n	=	805	cases,	16216	controls;	Wave	10,	n	=	571	cases,	16450	
controls;	Wave	11,	n	=	555	cases,	16466	controls;	Wave	12,	n	=	591	cases,	16430	controls;	Wave	
13,	n	=	593	cases,	16428	controls;	Wave	14,	n	=	594	cases,	16427	controls;	Wave	15,	n	=	635	
cases,	16386	controls;	Wave	16,	n	=	644	cases,	16377	controls;	Wave	17,	n	=	631	cases,	16390	
controls;	Wave	18,	n	=	653	cases,	16368	controls;	Wave	19,	n	=	688	cases,	16333	controls;	Wave	
20,	n	=	584	cases,	16437	controls;	Wave	21,	n	=	640	cases,	16381	controls;	Wave	22,	n	=	660	
cases,	16361	controls;	Wave	23,	n	=	721	cases,	16300	controls.	
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Supplementary	Figure	20.		QQ-plots	describing	the	per	SNP	genotyping	wave	associations.		For	
each	of	23	genotyping	waves	we	performed	a	GWAS,	treating	individuals	genotyped	in	one	wave	
as	cases	and	those	genotyped	in	all	other	waves	as	controls.		Association	was	tested	via	logistic	
regression	and	p-values	were	two-tailed.		For	each	SNP,	we	selected	the	minimum	p-value	from	
the	23	wave	GWAS,	and	create	QQ-plots	comparing	the	observed	-log10(	minimum	p-value	)	on	
the	y-axis,	against	the	expected	–log10(	minimum	p-value	).		We	use	the	inverse	of	the	cumulative	
distribution	 for	 the	 minimum	 of	 23	 independent	 uniform	 distributions	 to	 compute	 the	
distribution	 of	 expected	 minimum	 p-values.	 The	 CDF	 for	 the	 minimum	 of	 a	 draw	 from	 23	
identically	and	independently	distributions,	Y=min(	p1,	p2,	…,	p23	)	is:	
	

!"# $ = 	' 	$ ≤ 	)	 = 1 − (1 − )).	
	
Define	p(i)	as	the	ith	of	m	ordered	minimum	p-values,	then	the	CDF	of	p(i)	is	i/(m).		We	estimate	
the	expected	value	of	y=p(i)	as:			
	

) = /01 	ordered	min 9 = 9(:) = 1 − (1 − /
;)

< =>	

	
The	QQ-plots	suggest	there	may	be	a	slight	abundance	of	wave	associated	SNPs,	even	after	our	
initial	removal	of	those	with	minimum	p-values	less	than	5x10-8.		This	enrichment,	however,	does	
not	seem	present	in	the	SNPs	used	for	LDSC	analysis,	the	credible	set	implicated	by	our	XDX	GWAS	
(m=627),	nor	the	XDX	index	SNPs	(m=50).			
	
Sample	Sizes:	Wave	1,	n	=	1051	cases,	21900	controls;	Wave	2,	n	=	2772	cases,	20179	controls;	
Wave	3,	n	=	1060	cases,	21891	controls;	Wave	4,	n	=	1043	cases,	21908	controls;	Wave	5,	n	=	
1013	cases,	21938	controls;	Wave	6,	n	=	999	cases,	21952	controls;	Wave	7,	n	=	892	cases,	22059	
controls;	Wave	8,	n	=	1123	cases,	21828	controls;	Wave	9,	n	=	1066	cases,	21885	controls;	Wave	
10,	n	=	758	cases,	22193	controls;	Wave	11,	n	=	792	cases,	22159	controls;	Wave	12,	n	=	813	
cases,	22138	controls;	Wave	13,	n	=	811	cases,	22140	controls;	Wave	14,	n	=	790	cases,	22161	
controls;	Wave	15,	n	=	858	cases,	22093	controls;	Wave	16,	n	=	836	cases,	22115	controls;	Wave	
17,	n	=	810	cases,	22141	controls;	Wave	18,	n	=	911	cases,	22040	controls;	Wave	19,	n	=	919	
cases,	22032	controls;	Wave	20,	n	=	829	cases,	22122	controls;	Wave	21,	n	=	876	cases,	22075	
controls;	Wave	22,	n	=	914	cases,	22037	controls;	Wave	23,	n	=	1015	cases,	21936	controls.	
	 	



	
	
Supplementary	Figure	21.		Estimates	of	SNP	heritability	are	not	changed	by	censoring	SNPs	more	
stringently	 for	 wave	 effects.	 	 Here	 we	 repeated	 the	 GCTA	 SNP-heritability	 analysis	 for	 each	
individual	indication	more	strictly	censoring	SNPs	with	potential	genotyping	wave	effects	(light	
grey	bars),	but	do	not	observe	an	appreciable	difference	from	the	original	heritability	estimates	
(dark	grey	bars)	presented	in	Figure	1A.	Error	bars	denote	standard	errors	of	heritability	point	
estimates.		Samples	sizes	are	as	described	for	figure	1A	in	supplementary	table	3.	
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Supplementary	Figure	22.	Estimates	of	 SNP	genetic	 correlation	are	not	 changed	by	censoring	
SNPs	more	stringently	 for	wave	effects.	 	Here	we	repeated	 the	GCTA	SNP-genetic	correlation	
analysis	more	strictly	censoring	SNPs	with	potential	genotyping	wave	effects	(light	grey	bars),	but	
do	not	observe	an	appreciable	difference	from	the	original	heritability	estimates	(dark	grey	bars)	
presented	 in	 Figure	 1D.	 	 Error	 bars	 denote	 standard	 errors	 of	 heritability	 point	 estimates.		
Samples	sizes	are	as	described	for	figure	1D	in	supplementary	table	6.	
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Supplementary	Figure	23.	Estimates	of	fetal	brain	heritability	enrichment	via	LDSC-SEG	are	not	
changed	by	censoring	SNPs	more	stringently	for	wave	effects.		Here	we	repeated	the	LDSC-SEG	
enrichment	 tests	 in	 the	 XDX	 GWAS	 (n=46,008	 cases,	 19,526	 controls)	 for	 the	 fetal	 brain	
annotations,	more	 strictly	 censoring	 SNPs	with	 potential	 genotyping	wave	 effects	 (light	 grey	
bars),	but	do	not	observe	an	appreciable	difference	from	the	original	heritability	estimates	(dark	
grey	bars)	presented	in	Figure	4A.	
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Supplementary	Figure	24.	First	ten	PCs	of	genetic	similarity	for	the	iPSYCH	sample	passing	basic	
QC.	 	 	 Each	 panel	 plots	 iPSYCH	 individuals	 (N=77,686)	 according	 to	 their	 estimated	 principal	
components.		Black	dots	are	subjects	which	pass	our	global	ancestry	QC	(N=71,212)	and	grey	dots	
denote	excluded	iPSYCH	subjects	(N=6,474).		To	determine	outliers	we	computed	the	mean	and	
standard	deviation	for	each	of	the	first	10	PCs	plotted	above,	using	only	the	subjects	with	both	
parents	and	all	four	grandparents	born	in	Denmark	(N=47,586).		For	each	subject	(N=77,686)	we	
computed	 the	 sample’s	 Mahalanobis	 distance	 from	 the	 multivariate	 mean	 of	 the	 joint	
distribution	of	the	first	10	PCs	in	the	Danish	birth	group.		Assuming	multivariate	normality,	the	
Mahalanobis	distance	 follows	a	 chi-square	distribution	with	degrees	of	 freedom	equal	 to	 the	
number	of	dimensions	(here	 ).	We	flagged	subjects	as	global	ancestry	outliers	if	their	distance	
had	a	probability	 less	than	5.73x10-7	under	the	chi-square,	ten	degree	of	freedom	model	(the	
same	probability	as	5	standard	deviations	from	the	mean	for	a	single	normal	variable).		Colored	
symbols	are	reference	individuals	taken	from	the	1000	genomes	project	(N=2,447)	with	known	
ancestry	for	whom	PCs	were	estimated	according	to	the	same	procedure.	
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Supplementary	Figure	25.	First	ten	PCs	of	genetic	similarity	for	the	iPSYCH	sample	passing	our	
global	ancestry	QC.			Each	panel	plots	iPSYCH	individuals	(N=71,212)	according	to	their	estimated	
principal	components.		Black	dots	are	subjects	which	pass	our	local	ancestry	QC	(N=71,212)	and	
grey	dots	denote	excluded	 iPSYCH	subjects	(N=689).	 	To	determine	outliers	we	computed	the	
mean	and	standard	deviation	for	each	of	the	first	10	PCs	plotted	above,	using	only	the	subjects	
with	 both	 parents	 and	 all	 four	 grandparents	 born	 in	 Denmark	 (N=47,586).	 	 For	 each	 subject	
(N=71,212)	we	computed	the	sample’s	Mahalanobis	distance	from	the	multivariate	mean	of	the	
joint	distribution	of	the	first	10	PCs	in	the	Danish	birth	group.		Assuming	multivariate	normality,	
the	Mahalanobis	distance	follows	a	chi-square	distribution	with	degrees	of	freedom	equal	to	the	
number	of	dimensions	(here	 ).	We	flagged	subjects	as	global	ancestry	outliers	if	their	distance	
had	a	probability	 less	than	5.73x10-7	under	the	chi-square,	ten	degree	of	freedom	model	(the	
same	probability	as	5	standard	deviations	from	the	mean	for	a	single	normal	variable).		Colored	
symbols	are	European	reference	individuals	taken	from	the	1000	genomes	project	(N=483)	with	
known	ancestry	for	whom	PCs	were	estimated	according	to	the	same	procedure.	
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