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Supplementary Figure 1: p.GWAS Manhattan plot. Top: AGP I, bottom: AGP Il. The top 20 genes in either Stage
are labeled in black, as are the top 11 genes by joint significance (s, see Supplementary Table 1, connected by verti-
cal dashed lines). Genes related to the Ras/Ca®" pathway are highlighted in bold. Dots in regions primarily significant
in male or female cases are shown as squares and circles, respectively. Results shown in red have low reliability
(uIC)ZO, names in gray indicate additional genes of potential interest, space permitting.
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Supplementary Figure 2:. Wide-locus Manhattan plots of selected highly significant regions. The regions most
consistently significant in both Stages are SORCS2 (10"/36", 11.28), CDH13 (44"/25", 10.26), and GRK5 (35"/59™,
10.06); see Figure 3 for PTPRT (90"/20", 9.95); see Supplementary Figure 1 for PGR (65"/18", 10.17) and PZP
(33793 9.94). KCNMB4 exemplifies a region dominated by a single SNP, with two other PTPR, PTPRB (21°/880",
9.11) and PTPRR, nearby. See the text for a discussion of RIMS3 vs, SMAP2 (8" in AGP I, 6.59) and CNTNAP2 (28"
in AGP Il, 4.93). Legend: see Figure 3 for details.
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Supplementary Figure 3: Wide-locus Manhattan plots of regions with variations in the promoter region. PGR,
PZP, IGF1, RASSF8, CACNA2D4/CACNALC, CACNAL1A; Legend: see Figure 3 for details.
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Supplementary Figure 4: Wide-locus Manhattan plots of most significant regions in AGP | (ANO4, DOKS5,
MMP10, PDGFB) and AGP Il (KCNMA1, SEMA3A/SEMA3E) Legend: see Figure 3 for details.
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Supplementary Figure 5: p.GWAS quantile-rank (QR) plot, AGP |. Each dot represents the most significant result

among all diplotypes centered at the same SNP ranked by significance (low to high). Dashed blue curves: loess pro-

jection under the null hypothesis. Dashed blue lines: upper limit among the ten chromosomes with the best fit of the

projection to the observed s-values. Solid blue line: median cut-off selected among the dashed lines. Solid blue
curves: loess projection fitted to the endpoint of the median of the above ten upper limits (see Methods for details,

here: chromosome 6, as indicated in the WG plot). ...

(continued on Supplementary Figure 4)
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Supplementary Figure 6: p.GWAS quantile-rank (QR) plot, AGP Il (SDA vs. HFA). (continued from Supplementary

Figure 5) ...

—logio p) of a gene (dot) with its expected value (solid

Vertical lines connect the most significant s-values (

blue line). Individual chromosomes: Light gray and red names and corresponding vertical lines indicate genes with

unknown function and results with low reliability (either low pIC or reliance on a single SNP)

respectively. Gene

names preceded by “?” refer to regions in distant LD blocks. Whole genome gene list (by significance, right to left) in-

cludes chromosome number and s-value; excludes genes with unknown function or low reliability.
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HUGWAS quantile-rank (QR) plot, CAE®. (see Supplementary Figure 5 and

Supplementary Figure 6 for legend)

Supplementary Figure 7
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UMGWAS quantile-rank (QR) plot, AGP | (HFA vs. all parental controls). (see

Supplementary Figure 8

Supplementary Figure 5 and Supplementary Figure 6 for legend)

2013-11-25

Translational Psychiatry, accepted



Impaired growth factor regulation in autism

KM WITTKOWSKI et al.

63NdO

ZNAVO
dag1gy

£ INVEVNIS
N ETIXNS
H TIdyY
i) 190841

AZETANIWL

ITddvd
TINVASL
6TING Y

DPOODDOOT VT DD
TSNS RARRN000OHONNNM

63NdD
@ASOVd/edVOI Y

3
I
I
I
I
| ol
! S
I o <!
I —
I
I
I
I
I
I
I
I o~
I —
A
w!
! ©
L —
sano
THZONAQ
Trld 19640
e8R3 Z16TIMD
600N 2ONT !
] sanIsL |
Y00ZNINL |
TZISHINL I
T41dO |
SOANXL SN
PNIAT ~ !
0171493 — h
9218d9
TVETd [
— L0
153d N
2YLUOH
<
<9 N
: vHOY XYNOIN
R 9¥Sdd
! TSEHL
! 9/THdD 49dy
! NSNS £1493
o ) TAIHS ]
S \ gezTiNvd
! £V VLZTNY4
! YINDY INVdSL
s | g
OZAriNe I TdI4AD 91d3S
e HAdvd TAIN
ZoNg | o =] VIOV
ZOONIT — ! QNNL
Qqidld L < 643OHYY
wa%WXM = EVI9SY
¥ [re)
" d3dNY +
K 91AS ~ 51
LY ydHIN Q
\e
| VL TNNIL N
Y . ZNISOYd/edvO4dY
| 7% & ey 288A40
i SERELO]
I PENOY
| (o)) ERIAl
| N
[N
! <
! — . 1908y
I
. 9TOAW TSLAVAY
I dYSXOTV
. —
1 [N
| S 7
! 2 £YYZDIS
I ZdodIvIN
I €311dS
| TYZNT69-vdY
8 3
0 < o
L [ee] L N
T T T T T T T T T T T T T T
9 0 14 [4 0 [4 0 9 14 z 0 9 14 z 0

MGWAS quantile-rank (QR) plot, AGP | (SDA vs. all parental controls). (see

Supplementary Figure 9

Supplementary Figure 5 and Supplementary Figure 6 for legend)
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Supplementary Figure 12: randomization vs. low vari-
ance selection.

Left: results of three WG analyses using randomly per-

5.84 X J b
muted phenotypes. Dashed green lines show the distribu-
tions of the fits from the ten chromosomes with the lowest

. . variance around the loess fit. Dotted green lines show the
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,,,,,,,,,,,,,,,,,,,,,, sacoaco-ames~as | distributions of the fits from the remaining 12 chromo-
r\,\mﬂmmmmwﬂmmﬂmwmm somes (chromosome 23 is excluded from these calcula-
tions). The solid green line indicates one of the distribu-

tions whose endpoint is closest to the median of the

0 AN A .
o W§N,\$ N~ Bog « | above ten ‘good fit’ distributions, which, of course, can dif-
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oG NEoReRESNEhos | fer across simulations. Genes known to have no known
S 0AER23EZRENGES | function are excluded from the list shown.

Overall, up to 10% of all genes with known function can
be associated with Ras/Ca”" signaling. Moreover, associa-
tion with disease severity t;/plcally increases MAF and,
thus, the chance for Ras/Ca” related genes to be among

5.68 the most significant for any permutation of the phenotypes

(see Methods). Hence, about ten related genes among

. : the top 41 shown (20 percent enrichment) are to be ex-
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Supplementary Table 1).
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FInoozansasanza weobe —o0g | Bottom left: For each chromosome, the median of the
03570030 dmOATT TedazZ > 12024 | three randomizations shown above is selected.

. Compared to a median of only six genes reaching the
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Bottom right: For direct comparison, the estimate based
on the actual data using the chromosomes with good fit,
as shown in Supplementary Figure 4.
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Supplementary Table 1: Top 100 regions by pGWAS in AGP | (left) and AGP Il (right) and most closely related
genes in SFARI Gene. s: —logio(p), sr: Fisher(sacr i1, Sacp1)). Genes highlighted through color coding are included in

Figure 2, top and center, for AGP | and AGP I, respectively.

Coordinate _Gene
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sk
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sk
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3 11 102,149,811 [V 4319 6.812 1 388 8.72 7 83,262,044 BV 5901 1 SEMASA
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37 19 38,835,881 CHST8 64377 5.415 CHST11 1 101,517,409 EDG1 1901 4.813
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57 6 8,016,561 EEF1EL 9521 5.072 433 7.46 1 82,331,131 LPHN2 23266 4.641
58 18 26,927,892 DSC1/2/3 5.063 752 452 12 32,394,809 BICD1 636 4.640
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68 21 14,650,668 ABCC13 150000 5.018 12 52,121,210 AMHR2 269 4.599
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72 3 144,628,258 SLC9A9 285195 4.980 1 17 7,344,666 NLGN2/FGF11 4589 1
73 7 36,936,699 ELMO1 9844 4.970 7.69 262 19 13,552,951 CACNALA 773 4586 1
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75 3 19,557,427 KCNH8 131096 4.954 1 5 168,682,315 SLIT3 6586 4.586
76 3 171,304,895 PRKCI 5584 4.949 1 1 86,185,610 COL24AL 255631 4.582
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82 11 78,711,687 ODZ4 26011 4.910 1 43,414,654 WDR65 149465 4.553
83 5 73,996,748 ENC1/HEXB 4.907 7.77 190 694 7.13 7 33,869,108 BMPER 168667 4.546
84 8 100,867,916 VPS13B 157680 4.903 519 7.26 9 10,020,458 PTPRD 5789 4.530 1
85 3 197,642,729 UBXN7 26043 4.902 18 57,595,661 RNF152 220441 4.524
86 11 71,862,239 CLPB 81570 4.893 6 24,241,451 NRSN1 140767 4.523
87 3 198,234,604 MFI2 4241 4.892 218 7.67 8 3,490,417 CSMD1 64478 4.521
88 9 94,314,082 ECM2 1842 4.890 17 8.97 23 31,119,190 DMD 1756 4517 1
89 15 38,404,501 PLCB2 5330 4.889 1 14 25,633,636 NOVAL 4857 4.517
90 20 40,415,519 PTPRT 11122 4.887 1 857 20 7 16,887,386 AGR2/3 4516
91 12 2,624,388 CACNALC 775 4.870 1 6 54,307,077 TINAG 27283 4.516
92 16 56,040,691 CIAPIN1/COQ9 4.860 11 61,237,424/ DAGLA 747 4513 1
93 9 77,952,616 PCSK5 5125 4.858 34 8.56 12 9,279,277 PZP 5858 4.510 1
94 11 112,608,469 NCAM1 4684 4.856 1 7.04 844 7 4,783,100 RADIL 55698 4.507 1
95 22 34,337,021 MB 4151 4.853 161 7.81 8 61,960,444 CHD7 55636 4.501
96 20 57,589,240 PHACTR3 116154 4.851 9 649,124 ANKRD15 23189 4.497
97 2 44,091,378 LRPPRC 10128 4.849 5 39,475,063/ DAB2 1601 4.491 1
98 4 120,237,615 SYNPO2 171024 4.848 22 38,668,230 GRAP2 9402 4.487 1
99 1 1,394,672 ATAD3A/B/C 4.847 23 34,342,354 TMEM47 83604 4.486
100 6 39191266 KCNK5 8645 4839 1 999 6.88 4 115229 130 ARSJ 4479 1
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Supplementary Figure 13: Comparison of SDA and HFA cases with melanoma controls. PTPRT: rs6102794, -

rs6072694, and rs6102795; PTPRB: rs4761222, rs2303963, and rs2116211; PTPRD:-rs4742447,

rs6477258; PPFIBP1: rs411432, rs374484, -rs411816, rs6487610. See Figure 4 for legend.

rs7020466,

Supplementary Table 2: Enrichment of Most Significant Regions With Functionally Related Genes. Heuristical en-
richment was determined based on the top 200 regions (see Supplementary Table 1 for the first 100). (As the struc-
ture of the particular network configuration is highly variable, the focus here is on stability of enrichment within a given
structure.) Network results (yellow): Networks are based on direct relationships, using human and mouse information
with at least high confidence, excluding miRNA data bases. Based on gaps in score/number of focus molecules (high-
lighted in dark yellow), the top one or two networks are shown. Annotation results (gray): Groups of genes by func-
tional annotation were chosen based on reported p-values a sorting criterion. For regions of size >20, sets of n <4
molecules were excluded to avoid artifacts, as were sets of n > 60 molecules for lack of specificity. The most consis-

tent gene sets by functional annotation (AGP I: Schizophrenia, AGP Il: neuritogenesis) are highlighted as boxed.
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