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Supplementary Figures
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Supplementary Figure 1: Allele frequency (AF) plots for all genotyping studies in the HC analysis

. In each graph, the observed effect allele frequency

(EAF) in each study (y-axis) is plotted against the expected AF from the reference panel (HRC rl.1, x-axis). The red line shows the identity of observed and
expected AFs. The yellow lines represent a 0.2 difference threshold between observed and expected AF, any variant that lies outside these two lines (colored
in red) has a AF difference greater than 0.2.
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Supplementary Figure 2: QQ plots for all genotyping studies in the HC analysis. Each plot shows the observed p-value from the SNP association with
HC (y-axis) against the expected p-value (x-axis). The black line demonstrates the null hypothesis.
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Supplementary Figure 3: Allele frequency and QQ plots for ALSPAC-WGS in the HC analysis.
The observed effect allele frequency (EAF) (y-axis) is plotted against the expected AF from the
reference panel (HRC rl1.1, x-axis). The red line shows the identity of observed and expected AFs.
The yellow lines represent a 0.2 difference threshold between observed and expected AF, any variant
that lies outside these two lines (colored in red) has a AF difference greater than 0.2. The QQ plot
shows the observed p-value from the SNP association with HC (y-axis) against the expected p-value

(x-axis). The black line demonstrates the null hypothesis.
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Supplementary Figure 4: QQ plots for conditional and unconditional HC meta-analyses. For
each meta-analysis, the QQ plot shows the observed p-value from the SNP association with HC (y-
axis) against the expected p-value (x-axis). The black line demonstrates the null hypothesis.
Conditional analyses (conditioned on known loci for HC scores, brain volume and ICV) are shown in

grey and unconditional analyses in black.
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Supplementary Figure 5: Regional plots for novel HC signals. a) rs183336048, HC (Pediatric), b)
rs9268812, HC (Pediatric+adult) and ¢) rs35850753, HC (Pediatric+adult).

Top panels: Regional association plots, all positions are reported according to NCBI Build 37 using
HRC rl1.1 imputed genotypes.

Lower panels: 15 Chromatin states in 13 brain tissues/cell types; Color key: TssA Active transcription
start site (TSS), TssAFInk Flanking Active TSS, TxFInk Transcr. at gene 5 and 3', Tx Strong
transcription, Tx/Wk Weak transcription, EnhG Genic enhancers, Enh Enhancers (Enh), ZNF/Rpts
ZNF genes and repeats, Het Heterochromatin, TssBiv Bivalent/Poised TSS, BivFInk Flanking Bivalent
TSS/Enh, EnhBiv Bivalent Enhancer, ReprPC Repressed PolyComb, ReprPCWk Weak Repressed
PolyComb, Quies Quiescent/Low. 15-core chromatin state from brain tissue/cell types: E054
(Neurosph) Ganglion Eminence derived primary cultured neurospheres, E053 (Neurosph) Cortex
derived primary cultured neurospheres, EQ71 (Brain) Brain Hippocampus Middle, EO74 (Brain) Brain
Substantia Nigra, E068 (Brain) Brain Anterior Caudate, E069 (Brain) Brain Cingulate Gyrus, E072
Brain Inferior Temporal Lobe, E067 (Brain) Brain Angular Gyrus, E073 (Brain) Brain Dorsolateral
Prefrontal Cortex, EO70 (Brain) Brain Germinal Matrix, E0O82 (Brain) Fetal Brain Female, E081
(Brain) Fetal Brain Male, E125 (ENCODE2012) NH-A-Astrocytes Primary Cells.

All analyses were conducted using the FUMA! webtool.
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Supplementary Figure 6: Forest plots for novel HC signals. a) rs183336048, HC (Pediatric), b)
rs9268812, HC (Pediatric+adult) and c) rs35850753, HC (Pediatric+adult). Age in years represents
the mean age within each study; Beta is the effect size in age-adjusted standard deviation units of HC
scores, normalized across males and females; SE is the standard error. Note that INMA is not
included in the meta-analysis of rs183336048 and rs35850753, as these markers did not pass QC

filters.
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Supplementary Figure 7: Allele frequency spectrum of associated loci in the HC analysis. Effect
sizes and 95% confidence intervals (absolute value of effect estimates, expressed in standard
deviation units) are shown as a function of minor allele frequencies (MAF), based on the HC meta-
analysis in this study. Only independent loci are included in the graph (LD: r’< 0.2 within +/- 500 kb).
Novel variants are depicted as diamonds including HC (Pediatric) and HC (Pediatric + adult) analyses
(denoted as P/P+A). Previously known variants on infant HC that reach nominal evidence for
genome-wide significance (p<5x1078, two-sided) are denoted as circles (Supplementary Data 4).
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Supplementary Figure 8: Allele frequency spectrum of associated loci in the combined ICV+HC
analysis. Effect sizes and 95% confidence intervals (absolute value of standardized effect estimates,
expressed in standard deviation units) are shown as a function of minor allele frequencies (MAF),
based on the combined ICV and HC meta-analysis in this study. Only independent loci are included in
the graph (LD: r’< 0.2 within +/- 500 kb). Novel variants identified in a combined ICV+HC analysis
in this study are depicted as diamonds, and previously known variants that reach nominal evidence for
genome-wide significance (p<5x108, two-sided) are denoted as circles. Latter includes previously
reported findings from a combined analysis for ICV+infant HC as well as loci identified both for ICV
and infant HC (Supplementary Table 4)
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Supplementary Tables

Study (short

name)

Study (full name)

Country
of
origin?

Genotyping platform(s)

Supplementary Table 1: HC cohort information for genome-wide analysis discovery samples

Genotype

source

Association

software

Mean(SD)
[range]

HC (cm)
Mean (SD)
[range]

GC(A)

The Avon Longitudinal Study of 7.5(0.1) .
ALSPAC-WGS parents and Children UK WGS SNPtestv2.5 | 1,762 [7.1:8.8] 49.4 52.6(1.43) [48;58] 1.007
The Avon Longitudinal Study of . UK10K/ 7.6 (0.35) )
ALSPAC-GWA parents and Children UK Illumina Human Hap550 1KGP SNPtest v2.5 4,388 (6.9:9.5] 52.8 52.5(1.45) [48;58] 1.023
GenR Generation R Study NL Illumina 610 Quad and 660 UK10K/ SNPtest v2.5 1,995 6.1(04) 50.7 51.5 (1.50) [47;57] 1.01
o 1KGP [4.8;9.0]
s . Western Australia Pregnancy Cohort . Illumina 660W Quad ProABEL v. 8.11(0.35) 53.14 (1.54) [48.0-
g Raine (Raine) Study Australia BeadChip HRCr1.1 0.4.4 1303 [6.6;10.0] 51.2 58.6] 1.074
v Copenhagen Prospective Study on Illumina Omni-Express 7.12 (0.35)
a .
COPSAC2000 Asthma in Children Denmark Exome HRCr1.1 SNPtest v2.5 296 (6.9:9.3] 49.7 52.6(1.51) [48;58]] 1.023
COPSAC2010 Copenhégen !’rospectlve Study on Denmark Illumina Omni-Express HRC 1.1 SNPtest v2.5 559 6.00 (0.17) 51.2 52.11(1.44)[48.2;57 1.015
Asthma in Children Exome [5.5;7.0] 9]
. . . . lllumina Human Omnil 8.94 (0.62) 52.31(1.51)
INMA Infancia y Medio Ambiente Spain Quad Beadchip HRCr1.1 SNPtest v2.5 297 (7.29:10.71] 53.4 (47.5:57.0] 1.003
Pediatric HC 10600
IlluminaOmniExpress
HELIC-Pomak Hellenic Isolated Cohorts - Pomark Greece 770KBeadChip, lllumina UK10K/ GEMMA 847 44.5 (13.7) 30.3 55.5 (1.96) [48;63] 1.01
) 1KGP [16;87]
Exome Chip
. IIumlnaOTnmExpress. UK10K/ 60.9 (19.6)
HELIC-MANOLIS Hellenic Isolated Cohorts - MANOLIS Greece 770KBeadChip and lllumina 1KGP GEMMA 1,055 (18:98] 43.2 55.4 (2.48) [47;66] 1.007
Exome Chip !
- lllumina Hap300v2 or 53.06
3| ORCADES Orkney Complex Disease Study UK 370CNV - Quad beadchips, | o0y 4 REGSCAN | ) 6g9 | (14.82) 395 | °6:2(198)[506- 0.998
< Illumina Omnil, lllumina v0.2 [16.5-88.5] 62.4]
OmniExpress beadchips ) ’
S ] . GenABEL 53.60
CROATIA-KORCULA | L0001 Dalmations: The Croatian Croatia Hllumina CNV370v1, HRC r1.1 REGSCAN | 2,601 | (15.57) 36.3 56.6(2.01) 1.01
Biobank CNV370-Quadv3 [48.5;64.0]
v0.2 [18;98]
- lllumina REGSCAN 49.87 (15.2) 56.46 (1.96)
VIKING The Viking Health Study - Shetland UK OmniExpressExome8yv1-2_A HRCr1.1 V0.2 2,092 (18.1:91.8] 39.9 49.9:63.4] 0.988
Adult HC 8281
Pediatric + adult HC 18881

a - all samples are of European ancestry; Age in years; GC - Genomic control factor; HC - Head circumference; HRC - The Haplotype Reference Consortium imputation
template; UK10K/1KG - UK10K+1KGP combined imputation reference template; WGS - Whole Genome Sequencing
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Ethical approval (discovery cohorts)
e  ALSPAC-WGS, ALSPAC-GWA: ALSPAC Law-and-Ethics Committee and the Local Research-Ethics Committees
e GenR: Medical Ethics Committee of the Erasmus MC, University Medical Center, Rotterdam
e  Raine: Human Research Ethics Committees at the University of Western Australia and Curtin University
e COPSAC2000, COPSAC2010: Copenhagen Ethics Committee and the Danish Data Protection Agency
e INMA: Clinical Research Ethical Committee of the Medical Assistance Municipal Institute Barcelona
e  HELIC-Pomak and HELIC-MANOLIS: Harokopio University Bioethics Committee
e  ORCADES: Research Ethics Committees in Orkney and Aberdeen (North of Scotland Research Ethics Committee)
e CROATIA-KORCULA: Ethics committees of the Medical School of the University of Zagreb, the Medical School of the University of Split and the National Health
Service Lothian
e  VIKING: South East Scotland Research Ethics Committee

14



Supplementary Table 2: HC cohort information for the follow-up sample (Adult)

Study (short Country Genotypin Genotype Association <42 % HC (cm) Genomic
v Study (full name) of YPIng P Mean(SD) ° Mean (SD) control factor
name) - platform(s) source software Male
origin [range] [range] (\)
370CNV-Quadvs, 50.34
CROATIA-SPLIT | The Croatian Biobank, Split Croatia ”'“"g'xnjmoeg'vfxzress lKGPc’:ase 11 promeL | 973 | (1439) | 392 | >62(2:04) [500- 1.007

63.2]
beadchips [18-85]

a - all samples are of European ancestry; Age in years; HC - Head circumference; 1KGP - 1000 genomes

Ethical approval (replication cohort)

CROATIA-SPLIT: Ethics committees of the Medical School of the University of Zagreb, the Medical School of the University of Split and the National Health Service Lothian

15



Supplementary Table 3: Association between rs35850753 and HC growth
SITAR random

Allele SE p Interpretation of SITAR random effect
effect
a rs35850753_T | 0.29 | 0.04 6.9E-12 random intercept relative to the spline
curve intercept (mean)
c rs35850753_T | 0.01 | 0.0015 | 7.1E-11 HC velocity

Linear regression of SITAR random effects for differences in mean head circumference and growth velocity
on allele dosage (rs35850753). P-values are two-sided (Wald-test). HC - Head circumference; SITAR - Super
Imposition by Translation And Rotation model
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Variant

rs6734848
rs2271386
rs9811910
rs2022464
rs11759026
rs4273712
rs7802256
rs3779381
rs2536185
rs11191683
rs10784502?2
rs1042725
rs138074335°
rs2195243
rs7980687
rs11655470
rs17689882°¢
rs9303525
rs199525
rs10483213

Chr
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O
N NN N NN NN N O

22

Supplementary Table 4: Known signals for HC and ICV

Position(b37)

183866063
141712708
190670902
108945370
126792095
126964510
33111950
120966790
120984041
105170649
66343810
66358347
66374247
102922986
123822711
43795433
43906828
44187257
44847834
42339525

Trait [reference]

ICV and infant HC?

ICV and infant HC?
ICV?
ICV?
ICV?
ICV3
ICV and infant HC?
Brain volume*
Brain volume*
ICV?
ICV?
Infant HC®
ICV?
ICV?
Infant HC?
Infant HC?
ICV
ICcV3
ICV?
ICV and infant HC?

Reported p for genetic association

6.0E-09
4.5E-09
2.0E-09
3.7E-11
2.2E-20
1.8E-13
4.6E-08
2.0E-16
1.3E-16
1.1E-10
1.1E-12
2.8 E-10
6.2E-09
1.5E-08
8.1E-9
1.4E-6
7.7E-9
7.6E-15
3.8E-21
4.0E-08

a - Omitted from conditional analysis due to high LD with rs1042725
b - Low reported imputation quality (INFO score > 0.6) in most studies

¢ - Omitted from conditional analysis due to correlation with other variants
HC - Head circumference; ICV - Intracranial volume
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Supplementary Table 5: Predicted gene expression for HC

Meta-analysis var_g pred_perf_R2 pred_perf_P pred_perf_qn_snps_in_model
HC (Pediatric) Whole blood | ENSG00000204469.8 | PRRC2A |-5.00 |-0.27 |5.73E-07 | 0.03 0.09 1.51E-08 1.70E-08 5
HC (Pediatric+adult) | Whole blood | ENSG00000204469.8 | PRRC2A |-4.88 |-0.21 |1.08E-06| 0.03 0.09 1.51E-08 1.70E-08 5
HC (Pediatric+adult) | Whole blood | ENSG00000206344.6 | HCG27 |-4.80 |-0.15|1.62E-06| 0.06 0.18 4.17E-16 | 9.38E-16 36
HC (Pediatric+adult) Cerebellum ENSG00000206344.6 | HCG27 |-4.87 |-0.16 |1.12E-06| 0.06 0.15 4.15E-05 9.33E-05 61

S-PrediXcan analysis for enrichment in whole blood, cerebellum and cortex, as implemented in MetaXcan standalone software (v0.3.5). Only signals
passing a multiple testing threshold of p<2.25E-06) are shown. Full data are provided in Supplementary Data 8.



Supplementary Table 6: Unconstrained LD-score regression analysis

Sample
LDSC h? (SE)
Intercept
Lambda GC

SNPs

HC (Pediatric)
0.31(0.05)
1.00 (0.01)

1.0557

1137401

HC (Adult)

0.097 (0.06)

1.00 (0.01)
1.0165

1178563

HC (Pediatric+adult)
0.21 (0.03)
1.00 (0.01)

1.0679

1174943

_LD score regression was performed with LDSC software (v1.0.0).
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Supplementary Table 7: Genetic-relationship-matrix structural equation modelling of HC

Path ‘ B SE z p ‘
all 0.59 0.06 10.44 1.6E-25
a21 0.59 0.06 9.91 3.76-23
a3l 0.49 0.07 6.77 1.3E-11
a22 0.30 0.09 3.43 6.0E-04
a32 0.23 0.12 1.97 4.9E-02
a33 -0.30 0.05 -5.71 1.1E-08
ell 0.81 0.04 19.43 4.4E-84
e21 0.48 0.05 10.09 6.0E-24
e31 0.44 0.06 7.73 1.1E-14
e22 -0.58 0.03 -17.82 5.3E-71
e32 -0.44 0.05 -8.97 2.8E-19
e33 -0.47 0.03 -13.97 2.4E-44

Genetic-relationship-matrix structural equation modelling using a
Cholesky decomposition. Path coefficients of the full Cholesky
decomposition model using longitudinal head circumference (HC)
measures from ALSPAC (1.5 years, N =3,945; 7 years, N=5,819; 15 years,
N=3,406) are shown. Phenotypic variance (P1, P2, P3) was dissected into
three genetic (A1, A2 and A3) and three residual (E1, E2 and E3) factors.
All estimates were standardized.



Supplementary Table 8: Unconstrained LD-score genetic correlation analysis

HC (pediatric) HC (Adult) HC (pediatric+Adult)
A SE z SE A
Birth length 25281659 0.48 0.10 4.58 4.6E-06 0.26 0.22 1.18 0.24 042 0.09 4.64 3.4E-06
Birth weight (2013) 23202124 0.51 0.12 4.30 1.7E-05 0.51 0.25 1.99 0.05 0.50 0.11 4.47 8.0E-06
Birth weight (2016) 27680694 0.43 0.06 6.87 6.5E-12 0.44 0.17 2.55 0.01 0.44 0.06 7.81 5.5E-15
Infant HC 22504419 1.00 0.13 10.60 2.8E-26 0.59 031 191 0.06 1.16 0.12 9.51 1.8E-21
Late childhood height 23449627 0.42 0.09 4.78 1.8E-06 0.72 0.27 2.67 7.6E-03 0.51 0.09 5.83 5.6E-09
Adult height (2010) 20881960 0.30 0.05 5.97 2.4E-09 0.44 0.5 2091 3.7E-03 0.34 0.05 7.09 1.4E-12
Extreme height 23563607 0.28 0.07 4.26 2.0E-05 0.61 041 1.47 0.14 0.34 0.07 4.62 3.9E-06
Body mass index 20935630 0.25 0.05 4.75 2.0E-06 0.28 0.12 2.28 0.02 0.25 0.05 554 3.1E-08
Overweight 23563607 0.23 0.06 3.92 8.7E-05 035 0.15 2.37 0.02 0.27 0.06 4.54 5.5E-06
Childhood obesity 22484627 0.41 0.09 4.59 4.4E-06 0.34 0.18 1.83 0.07 0.37 0.08 4.61 4.0E-06
Obesity (Class1) 23563607 0.22 0.06 3.83 1.0E-04 035 0.15 2.35 0.02 0.25 0.06 4.38 1.2E-05
Hip circumference 25673412 0.44 0.06 7.41 1.2E-13 030 0.13 2.24 0.03 039 0.06 6.93 4.1E-12
Waist circumference 25673412 0.35 0.05 6.36 2.0E-10 0.28 0.13 2.13 0.03 0.33 0.05 6.08 1.2E-09
Years of schooling (2014) 25201988 0.28 0.07 3.87 1.0E-04 0.07 0.13 0.53 0.60 0.22 0.06 3.35 8.0E-04
Years of schooling (2016) 27225129 0.22 0.04 5.27 1.3e-07 0.08 0.09 0.88 0.38 0.17 0.04 4.18 2.9E-05
Intelligence 28530673 0.36 0.06 6.26 3.8E-10 0.26 0.14 1.82 0.07 0.32 0.06 5.67 1.4E-08
IcvV 25607358 0.77 0.16 4.92 8.8E-07 1.00 049 249 0.01 091 0.16 5.65 1.6E-08

Genetic correlation (rg) estimates for 14 out of 235 traits passing a multiple testing threshold of 1.4E-04 in at least one MA are shown, as provided by LDHUB v1.9.0;
estimates not passing the threshold are shown in grey; rg values > 1 were truncated to one. Full data for HC (Pediatric+adult) are provided in Supplementary Data 9.
HC - Head circumference
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Supplementary Notes

1. Cohort descriptions

Discovery stage

The Avon Longitudinal Study of Parents and Children (ALSPAC) is a longitudinal
pregnancy-ascertained UK population-based birth cohort. The study includes more than 14,000
mothers and their children (estimated birth date: 1991 to 1992)8°. During the course of this
longitudinal study, ALSPAC families have provided a large amount of genetic and environmental
information on mothers, fathers and children. The study website contains details of all collected data
through a fully searchable data dictionary (http://www.bris.ac.uk/alspac/researchers/data -access/data
dictionary/). Ethical approval was obtained from the ALSPAC Law-and-Ethics Committee
(IRB00003312) and the Local Research-Ethics Committees, written informed consent was obtained
from a parent or individual with parental responsibility and assent (and for older children consent)
was obtained from the child participants. ALSPAC children and adolescents for this study were
selected to maximize phenotypic coverage as well as information on previous genome-wide chip
genotyping data, other “-omic” datasets (transcriptomic, metabolomic) and consent to whole genome
sequencing. Head circumference (HC) was measured to the nearest mm at the widest horizontal
circumference of the head using the Harpenden anthropometric tape at the age of seven years
(Supplementary Table 1).

DNA samples from 2,040 ALSPAC children were submitted for whole-genome sequence data
(WGS), of which 1,976 samples were sequenced and subjected to a stringent quality control and
variant calling procedure. Samples were removed from the analysis because of any of the following
reasons, as previously described?: high overall discordance between WGS and GWAS genotype data,
high heterozygosity, missing GWAS genotype data or a low mean read-depth (below 4x). 1,928
ALSPAC samples were brought forward to the genotype refinement step. Post-refinement quality
control included further exclusions due to non-reference discordance with GWAS data, cryptic
relatedness or sex-discordance. The final data set included 1,867 ALSPAC children of which 1,762
had both information on WGS and HC scores at age 7 (Supplementary Table 1). All variants were
restricted to a MAF of > 0.25% or an allele count (AC) >= 4. Variants from cohorts with N<500 were
restricted to have MAF> 0.05.

Additional genome-wide analysis (GWA) data was available for 6,631 unrelated ALSPAC children
from the Illumina HumanHap550 quad chip genotyping platform. After pre-imputation quality control
(QC; sex-discordance, heterozygosity, non-European ancestry, cryptic relatedness), 6,557 children
were retained of which 4,388 also had information on HC (Supplementary Table 1). Genotype
imputation was carried out into a UK10K haplotype reference panel as previously described!?.

ALSPAC genotype and phenotype data can be requested through the ALSPAC Executive Committee
following a procedure described at http://www.bristol.ac.uk/alspac/researchers/access/.

The HELIC (Hellenic Isolated Cohorts; www.helic.org) cohorts comprise two adult Greek
populations-based cohorts, HELIC MANOLIS (Minoan Isolates) and HELIC Pomak. HELIC
MANOLIS represents a collection of adult inhabitants from Anogia and surrounding Mylopotamos
villages), while HELIC Pomak was sampled from the Pomak villages, a set of isolated mountainous
villages in the North of Greece. Both HELIC cohorts collected biological samples for DNA extraction
and information from lab-based blood measurements and interview-based questionnaires. This
includes anthropometric and biometric measurements, clinical evaluation data, biochemical and
haematological profiles, self-reported medical history, demographic, socioeconomic and lifestyle
information. The study was approved by the Harokopio University Bioethics Committee and informed
consent was obtained from every participant. HC scores were measured to the nearest 0.1 cm at the
widest horizontal circumference of the head using a measuring tape. The tape was applied above ears,
across the glabella region, and at the top of the occipital region backwards.
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The HELIC samples were genotyped using both the lllumina HumanOmniExpress and Illumina
HumanExome chip at the Wellcome Trust Sanger Institute as previously described. QC steps
included, in brief, the exclusion of samples with sex discrepancies or low call rate, duplicates, ethnic
outliers and heterozygosity outliers. In addition, variants with call rate <95%, a MAF<5%, MAF
differences compared to variants of the 1000 Genomes Project, deviations from Hardy-Weinberg
equilibrium (p<10%) were filtered out as well monomorphic, duplicate or singleton markers.
Genotypes for the OmniExpress and Exome chip were combined into a single dataset. Genotype data
was phased using SHAPEITv2 and imputed using IMPUTEV2 against a UK10K haplotype reference
panel.1,055 participants from HELIC MANOLIS and 847 participants form HELIC Pomak had both
genotype and HC information available (Supplementary Table 1).

Genotype data from the HELIC cohorts have been deposited in the European Genome-phenome
Archive (https://www.ebi.ac.uk/ega’/home): EGADO00010000518; EGADO00010000522;
EGADO00010000610; EGADO00001001636. Phenotypic data are available on request from the
Principal Investigators, Eleftheria Zeggini (Eleftheria@sanger.ac.uk) and Georgios Dedoussis
(dedousi@hua.gr).

GenerationR (GenR) is a population-based prospective cohort study from fetal life onwards
in Rotterdam, the Netherlands. The Medical Ethics Committee of the Erasmus MC, University
Medical Center, Rotterdam, has approved the study and written informed consent was obtained for all
participants. Participating children were born between April 2002 and January 2006. Enrollment was
aimed at early pregnancy, but was allowed until birth of the child. In total, 9,778 mothers and their
children were included in the study and details on recruitment and data collection have been described
in detail elsewhere. Cord blood for DNA isolation was available in 58% of all live-born participating
children. Missing cord blood samples were mainly due to logistical constraints at the delivery. Sex-
mismatch rate between genome based sex and midwife-record based sex was low (<0.5%), indicating
that possible contamination of maternal DNA was extremely low. HC was measured once with a
measuring tape (SECA, Hamburg, Germany), above the ears and eyebrows, at the largest diameter.

GenR participants were genotyped using the lllumina 610 Quad and 660 genotyping platforms. Prior
to imputation, variants were excluded because of high levels of missingness (SNP call rate <98%),
strong departures from Hardy-Weinberg equilibrium (p < 10%), or low MAF (<0.1%). In addition,
samples were excluded because of sex discordance, high heterozygosity, low call rate (<97.5%) or
because they were duplicates. Genotype data was imputed using IMPUTEV2 against a UK10K
haplotype reference panel.

The Generation R Study has an open policy in regard to collaboration with other research groups.
Requests for collaboration should primarily be pointed to Prof. dr. Vincent Jaddoe
(v.jaddoe@erasmusmc.nl). These requests are discussed in the Generation R Study Management
Team regarding their study aims, overlap with ongoing studies, logistic consequences and financial
contributions.

The Western Australian Pregnancy Cohort (Raine) Study is a prospective pregnancy birth
cohort based. Women living in Western Australia were recruited in pregnancy (before 18 weeks
gestation) between 1989 and 1991. 2,900 women were recruited, with 2,868 live births from 2,826
mothers. Follow up has been conducted at regular intervals up to 23 years of age and is ongoing. The
study design and methods for the 22 year follow up are described in Straker et al.?. As described,
approval for the 22 year follow-up was obtained from the Human Research Ethics Committees at the
University of Western Australia (RA/4/1/5202) and Curtin University (HR67/2013). The study was
carried out in accordance with the Declaration of Helsinki and informed consent was obtained from
all participants®?,

Raine participants were genotyped using the Illumina 660W Quad BeadChip. Prior to imputation
variants were excluded because of missingness (SNP call rate <95%), strong departures from Hardy-
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Weinberg equilibrium (P < 5.7x107), or low MAF (<1%). Participants were excluded prior to
imputation if they had poor overall call rates (<97%), for gender discrepancy or high degree of cryptic
relatedness (pi > 0.1875).

The Raine Study encourages collaboration with national and international researchers. More details
about the Raine Study, data, and how to get access to the data are published on the website of the
Raine Study (www.rainestudy.org.au).

The Infancia y Medio Ambiente (INMA) is a collection of prospective cohort studies which
recruited pregnant women from seven study areas in Spain with the aim of studying the relationship
between environmental exposure and pollutants on children's development and health. Individual
studies recruited between 1997 and 2008, giving a total of 3,916 pregnant women in the INMA
collection and 3,887 births. The study was approved by the Clinical Research Ethical Committee of
the Medical Assistance Municipal Institute Barcelona. Study participants gave valid consent. The
INMA project is described in Guxens et al.'®. For the current study only participants from INMA
Sabadell were considered.

INMA participants were genotyped using the Illumina HumanOmnil Quad Beadchip assay. Prior to
imputation variants were excluded because of missingness (call rate <95%), deviation from Hardy-
Weinberg equilibrium (p < 10®) or low MAF (<1%). Individuals were removed for poor overall call
rates (<98%). In addition, the younger sibling of any sibling pair in the study was removed prior to
imputation.

INMA data access is through a system of managed open access. The steps to apply for access to the
data included in this research and all other INMA data are described in full at
http://www.proyectoinma.org/presentacion-inma/politica-colaboracion/en_politica-colaboracion.html.

The Copenhagen Prospective Studies on Asthma in Childhood (COPSAC) is a pair of
single center prospective birth cohort studies in Copenhagen area, Denmark where COPSACqq0 Study
comprises of children born to asthmatic mothers. Two cohorts are currently active - COPSACau00
(which recruited pregnant women with due dates between 1998 and 2001) and COPSACz10, (Which
recruited between 2009 and 2010). The study design for COPSAC200 and COPSAC10 have been
described previously**!S, The studies are conducted in accordance with the Declaration of Helsinki
and were approved by the Copenhagen Ethics Committee (KF01-289/96) and the Danish Data
Protection Agency (1996-1200-360), and participants provided informed consent*2°,

The COPSAC participants were genotyped using the Illumina Omni-Express Exome. Prior to
imputation variants were excluded because of missingness (call rate <98%), deviation from Hardy-
Weinberg equilibrium (p <10°) or low MAF (<1%). Individuals were removed for poor overall call
rates (<95%). In addition, ethnic outliers, duplicates, gender mismatch and related individuals in the
study were removed prior to imputation.

COPSAC cohorts (COPSAC2000 and COPSAC2010) data access is through request. To access the
data included in this research a request to Tarunveer S. Ahluwalia (tarun.ahluwalia@dbac.dk) or
Klaus Bgnnelykke (kb@copsac.com) can be made. All other COPSAC data are described in brief at
http://copsac.com/available-data/.

The Orkney Complex Disease Study (ORCADES) is a family-based, cross-sectional study
that seeks to identify genetic factors influencing cardiovascular and other disease risk in the isolated
archipelago of the Orkney Isles in northern Scotland®. Genetic diversity in this population is
decreased compared to Mainland Scotland, consistent with the high levels of endogamy historically.
2078 participants aged 16-100 years were recruited between 2005 and 2011, most having three or four
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grandparents from Orkney, the remainder with two Orcadian grandparents. Fasting blood samples
were collected and many health-related phenotypes and environmental exposures were measured in
each individual. All participants gave written informed consent and the study was approved by
Research Ethics Committees in Orkney and Aberdeen (North of Scotland REC).

ORCADES participants’ DNA was genotyped using the Illumina HumanHap300v2 or 370CNV-Quad
beadchips (n=890), the Illumina Omnil (n=304) or Illumina OmniExpress beadchips (n=1073).
Individuals were removed for poor overall call rates (<97%). In addition, excess heterozygosity,
gender discrepancies and ethnic outliers in the study were checked. Prior to imputation, variants were
excluded because of missingness (call rate <98%), deviation from Hardy-Weinberg equilibrium (p
<10%) or low MAF (<1%) and curated using the HRC preparation checking tool available from
(https://imputation.sanger.ac.uk/). Imputation was carried out separately for the low-density and the
higher density chips and genotype data merged post-imputation. Data was first phased using
SHAPEITV2.r873 with the duoHMM function and imputed on the SANGER imputation server
(https://imputation.sanger.ac.uk/) using the PBWT software against the haplotype HRC.r1.1 reference
panel. Post imputation, monomorphic, duplicated and low imputation quality variants (INFO < 0.4)
were removed.

The Viking Health Study - Shetland (VIKING) is a family-based, cross-sectional study that
seeks to identify genetic factors influencing cardiovascular and other disease risk in the population
isolate of the Shetland Isles in northern Scotland. Genetic diversity in this population is decreased
compared to Mainland Scotland, consistent with the high levels of endogamy historically. 2105
participants were recruited between 2013 and 2015, each having at least three grandparents from
Shetland. Fasting blood samples were collected and many health-related phenotypes and
environmental exposures were measured in each individual. All participants gave written informed
consent and the study was approved by the South East Scotland Research Ethics Committee. The
Shetland VHSS participants’ DNA was genotyped using the Illumina HumanOmniExpressExome8v1-
2_A and genotyping quality controls and imputation carried out as described for the ORCADES.

CROATIA-KORCULA is a population-based, cross-sectional study carried out on the
Dalmatian island of Kor¢ula and part of a larger cohort, the 100001 Dalmatians: The Croatian
Biobank?’. The study received approval from the ethics committees of the Medical School of the
University of Zagreb, the Medical School of the University of Split and the National Health Service
(NHS) Lothian, and followed the tenets of the Declaration of Helsinki. The study includes 2833
participants in total from three recruitment phases in 2007, 2013 and 2014. Genotyping was
performed using the Illlumina CNV370vl and CNV370-Quadv3d (Phasel N=969) or
OmniExpressExome-8v1-2_A (Phase2 and 3 N=1815). Genotyping quality controls and imputation
were carried out as described for the ORCADES.

Follow up phase

CROATIA-SPLIT is a population-based, cross-sectional study which is also part of the
100001 Dalmatians: The Croatian Biobank’, with 1012 individuals, aged 18-95, recruited in the city
of Split. The study received approval from the ethics committees of the Medical School of the
University of Zagreb, the Medical School of the University of Split and the National Health Service
(NHS) Lothian, and followed the tenets of the Declaration of Helsinki. The CROATIA-SPLIT
participants were genotyped roughly half and half using the 370CNV-Quadv3 and Illumina
OmniExpress Exome-8vl A beadchips. Genotyping quality controls and imputation to the 1000
Genomes phasel_v3 March 2012 reference panel were carried out for the two chips separately and
imputed data merged post-imputation. Prior to imputation variants were excluded because of
missingness (call rate <98%), deviation from Hardy-Weinberg equilibrium (P <10°) or low MAF
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(<1%). Individuals were removed for poor overall call rates (<97%). In addition, excess
heterozygosity, gender discrepancies and ethnic outliers in the study were removed. Genotypes were
phased using SHAPEIT2 and imputation performed using the IMPUTE2 software.

Access to data from VIKING, ORCADES, CROATIA-KORCULA and CROATIA-SPLIT is via a
managed open access procedure described at https://www.ed.ac.uk/mrc-human-genetics-
unit/research/qtl-group. Researchers interested in working with these datasets should email:
accessQTL @ed.ac.uk. The data and sample sharing process is facilitated by a full-time project
manager and agreed proposals are conducted in collaboration with appropriate members of the QTL
team.
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2. Generating lead SNPs

The independent lead SNPs have been obtained from iterative clumping procedure in
PLINK®, which has been widely used®. First, we identify the SNP that has the minimum p-value
from the single variant association analysis. This is the lead SNP for the first clump. Secondly, all
SNPs with p-values less than 10, in LD (defined as r? of 0.2) and within 500kb of the lead SNP, are
clumped to the lead SNP of the first clump. Next, we repeat the previous two steps after excluding all
SNPs from the first clump, this then becomes the second clump. This process is iteratively repeated
until there are no more SNPs with a p-value less than 10 The LD was calculated from the 1000
genomes phase 1 reference sample of European ancestry?.
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3. Gene expression and epigenetic resources

The Genotype-Tissue Expression (GTEX) project?, provides publically accessible eQTL
data for a range of cell and tissue types. Within our analysis we used specifically brain, bone and
blood tissue/cell types for the analysis of Stratified LD score Regression??, S-PrediXcan?® and
FUMAL

We furthermore extracted blood eQTL from the Depression Genes and Networks (DGN)?
for S-PrediXcan? analyses.

The Roadmap Epigenomics consortium consists of 397 cell/tissue types from narrow peaks
in six chromatin marks, DNase hypersensitivity and H3K27ac, H3K4me3, H3K4mel, H3K9%ac, and
H3K36me3 histone marks. For stratified LD score Regression?? analysis, we restricted our analysis to
55 chromatin marks identified in neural and bone tissue/cell types.

Data from the ENCyclopedia Of DNA Elements (ENCODE) project?®® was used for gene
expression and chromatin enrichment analysis, as part of a stratified LD score Regression??. We only
used a subset of the epigenetic data on neural and bone tissues that match the neural and bone tissues
from the GTEX project, but are from different donors. In total, there are 93 annotations from peaks for
four chromatin marks; H3K27ac, H3K4me3, H3K4mel, and H3K36me3 for neural and bone tissues.

We used the Biobank-Based Integrative Omics Study (BIOS) QTL browser? for blood
eQTL analysis via the web tool FUMA?.

For eQTL analysis of brain tissue/cell types, we also used data from the UK Brain
Expression Consortium (UKBEC)? via the web tool FUMAL

For chromatin interaction we used FUMA assigned chromatin interaction data, A
Compendium of Chromatin Contact Maps Reveal Spatially Active Regions in the Human
Genome?,

28



4. Power analysis

Although this study has 80% power to detect a genetic effect explaining as little as 0.11% of
the variance in HC (assuming a MAF of 0.02, an effect size of 0.22 for a standardized trait and a type
I error of 3.3x10-8), it is less well powered to detect variation with lesser frequency in population-
based samples. For example, the power to detect a genetic effect explaining as little as 0.05%
(assuming a MAF of 0.005, an effect size of 0.22 for a standardized trait and a type | error of 3.3x10-
8) is less than 3%,
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6. Web resources

Brain xQTL: http://mostafavilab.stat.ubc.ca/xQTL Serve/

FUMA: http://fuma.ctglab.nl/

GSEM: https://qgitlab.gwdg.de/beate.stpourcain/gsem

GWAVA: https://www.sanger.ac.uk/sanger/StatGen Gwava

LDHub platform: http://ldsc.broadinstitute.org/
PAGEANT: https://andrewhaoyu.shinyapps.io/PAGEANT/

UCSC Genome Browser: https://genome.ucsc.edu/

UK-WHO growth charts: https://www.rcpch.ac.uk/child-health/research-projects/uk-who-growth-
charts/uk-who-growth-chart-resources-0-4-years/uk-who-0
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