Supplementary Figure 1 | Quantile-Quantile plot of low-frequency exome array variants showing
the expected vs observed distribution of test statistic with age at menarche
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Supplementary Figures 2A-E | Forest plots for significantly associated low-frequency exome array
variants for genes a) ALMS1, b) LAMB2, c) TNR6CA, d) TACR3, e) PRKAG1

A

ALMS1 (rare allele)

Effect in years

(95% CI) Weight %

Discovery !

ARIC 4+ 0.19 (-0.11, 0.49) 295

1958BC ——— 0.22 (-0.13,0.58) 2.16

EMBRACE / SEARCH / SIBs —— 0.19 (-0.05, 0.43) 4.76

EGCUT T 0.55(-0.04, 1.14) 0.79

Fenland it 0.19 (-0.51, 0.89) 0.56

FHS - 0.20 (-0.13, 0.54) 237

Generation Scotland ——— 0.25 (-0.07, 0.57) 260

InterAct Cases : -0.13 (-0.75, 0.49) 0.70

InterAct sub-cohort —0I— 0.19 (-0.18, 0.56) 198

KORA F4 ——— 0.18 (-0.35,0.71) 0.96

Korcula : -0.66 (-1.66, 0.34) 0.27

RAINE — 0.43 (-0.24, 1.09) 061

Rotterdam Study —t—— 0.67 (0.09,1.25) 080

SardiNIA ' -0.06 (-1.74, 162) 0.10

SHIP [ 0.06 (-0.30, 0.43) 2.02

INGI-VB - -0.25 (-1.26, 0.75) 0.27

WGHS —— 0.34 (0.21, 0.46) 1757

Subtotal (l-squared = 0.0%, p =0.700) Q 0.26 (0.18,0.34) 41.48
1

Replication :

23andMe - 0.24 (0.15,0.33) 30.72

deCODE - 0.22 (0.13,032) 27.79

Subtotal (l-squared = 0.0%, p =0.840) Q 0.23 (0.16, 0.30) 58.52
1

Heterogeneity between groups: p = 0.647 :

Overall (l-squared =0.0%, p =0.799) ¢ 0.24 (0.19,0.29)  100.00
!

| 1
-1.74 0 1.74



Effect in years

LAMB?2 (rare allele) {(95% CI) Weight %
Discovery :
Amish + ! -0.33 (-1.19, 0.54) 0.09
ARIC | 0.15(-0.02, 0.32) 227
1958BC o 0.08 (-0.11,027) 180
EMBRACE / SEARCH / SIBs 1+ 0.11 (-0.02, 0.25) 366
EGCUT ——— 0.27 (0.01,053) 095
Fenland B 0.15(-0.21, 0.50) 053
FHS —_— 0.03(-0.14,020) 230
Generation Scotland B — 0.12 (-0.07, 0.31) 185
InterAct Cases ——q— 008 (-0.23,038) 072
InterAct sub-cohort T 0.08 (-0.10, 0.26) 198
KORA F4 . 011 (-0.17,0.39) 086
Korcula * : -0.30 (-0.81, 0.21) 0.26
RAINE —T 0.11 (-0.21,0.44) 062
Rotterdam Study T 022 (-010,054) 064
SardiNIA —_—— -0.09 (-0.44, 0.27) 0532
SHIP r— 0.17 (-0.02, 0.36) 1.84
INGI-VE e 0.24 (-0.10, 0.59) 055
WGHS —— 0.11(0.04,018) 1438
Subtotal (l-squared = 0.0%, p =0.949) ? 0.11 (0.07,0.15) 3583
1
Replication
23andMe - 0.08 (0.04,013) 3743
deCODE - 0.07 (0.02,012) 2674
Subtotal (l-squared = 0.0%, p =0.696) O 0.08 (0.05,0.11) 6417
1
Heterogeneity between groups: p = 0.232 :
Overall (l-squared =0.0%, p = 0.946) ¢ 0.09 (0.06, 0.12)  100.00
!
| — T
-1.19 0 1.19



TNRCBA (rare allele)

Effect in years
(95% CI) Weight %

Discovery |

Amish , 0.07 (041, 0.26) 053
ARIC Ll 0.05(013, 0.24) 1.73
1958BC - 0.04 (024 016) 148
EMBRACE / SEARCH / SIBs . 0.09 (-0.06, 0.23) 283
EGCUT . 0.04 (-0.18, 0.26) 119
Fenland — 0.01 (054, 0.52) 021
FHS . 0.09 (-0.09, 0.27) 1.76

Generation Scotland

0.20 (-0.00, 0.39) 1.52

InterAct Cases —T':— 0.01 (-0.34, 0.36) 0.49

InterAct sub-cohort — 0.03 (018, 0.24) 1.33

KORA F4 —*':— 0.07 (-0.41, 0.27) 0.51

Korcula —_—r 0.03 (1063, 0.69) 0.14

RAINE —— 0.10 (-0.45, 0.26) 0.47

Rotterdam Study — -0.05 (-0.35, 0.25) 0.66

SardiNIA € T 0.10 (-2.83, 2.64) 0.01

SHIP o 0.15 (-0.05, 0.36) 142

INGI-VB - 0.12 (-0.26, 0.50) 0.41

WGHS - 0.07 (0.00, 014) 1279

WHI - 0.16 (0.08, 0.24) 961

Subtotal (l-squared = 0.0%, p = 0.899) @ 0.09 (005, 012) 3910
|

Replication :

23andMe . 0.11(0.07, 0.16) 2996

deCODE g 0.06 (0.01, 0.10) 3093

Subtotal (l-squared = 66.1%, p = 0.086) ? 0.08 (0.05, 0.12) 6090
|

Heterogeneity between groups: p = 0.947 !

Overall (-squared = 0.0%, p=0.839) ‘I' 0.08 (0.06, 0.11) 100.00
I

T r T
-2.83 0 2.83



TACRS (rare allele)

Effect in years

(95% Cl)  Weight %

Discovery I
ARIC - 129 (-0.20,2.78) 276
1958BC - 082 (-0861,224) 302
EMBRACE / SEARCH / SIBs —_— -0.07 (-1.20,1.06) 4.79
Fenland - 006 (-2.83,2985) 073
FHS - 015(1.87,217) 150
Generation Scotland : = 223(-065 512) 074
InterAct Cases : 0.01 (-3.05, 3.07) 085
InterAct sub-cohort ———— 081 (-061,222) 308
KORA F4 —_— 012 (-1.06, 1.30) 442
RAINE = 123 (-087,332) 140
Rotterdam Study : - 259 (-061,579) 0860
SHIP — 195 (0.75 3.16) 424
WGHS —— 055(009,100) 2944
WHI —_— 0.83 (0.24,1.42) 17.73
Subtotal (l-squared = 0.0%, p = 0.568) O 0.71 (0.42, 0.99) 75.09
|
Replication |
23andMe - 1.19 (0.39, 1.99) 9.60
deCODE — 1.29 (0.65, 1.92) 15.31
Subtotal (l-squared = 0.0%, p =0.858) ,<> 1.25(0.75,1.75) 2491
I
I
Heterogeneity between groups: p = 0.062 :
Overall (l-squared =0.1%, p =0.451) O 0.84 (0.59, 1.09) 100.00
I
I
: I
-5.79 0 579



PRKAG1 (rare allele)

Effect in years

(95% CIy Weight %

Discovery '
Amish — -0.07 (-0.31,017) 1.38
ARIC —r -0.17 (-0.36, 0.03) 221
1958BC —0—: -0.23 (-0.45, -0.01) 1.70
EMBRACE / SEARCH / SIBs — T -0.12 (-0.27, 0.03) 347
EGCUT —rT -0.15(-0.38, 0.09) 145
Fenland * : -0.37 (-0.83,0.08) 039
FHS —OJl—— -0.14 (-0.35, 0.08) 1.71
Generation Scotland —_— -0.17 (-0.40, 0.06) 1.56
InterAct Cases —0—;—- -0.33 (-0.70, 0.03) 061
InterAct sub-cohort —0—{—— -0.17 (-0.39, 0.05) 163
KORA F4 - -0.07 (-0.37,023) 088
Korcula * T 064 (-1.21, -007) 025
RAINE —:1— -0.01 (-0.33,032) 075
Rotterdam Study —OJI—— -0.14 (-0.43, 0.16) 089
SardiMIA 1 + 011 (-0.31,054) 044
SHIP :——0— 011 (<012, 0.33) 158
INGI-VB L + 0.34 (-0.25, 0.94) 022
WGHS —-— -0.09 (-0.16, -0.01) 1517
WHI —— -0.09 (-0.18, -0.01) 10.80
Subtotal (l-squared = 0.0%, p =0.582) Q | -0.11 (-0.15, -0.07) 47.09
1
Replication '
23andMe - -0.11 (-0.16, -0.06) 28.65
deCODE -~ -0.05(-0.11,0.01) 2426
Subtotal (l-squared = 54 6%, p = 0.138) <|> -0.08 (-0.12, -0.04) 5291
1
Heterogeneity between groups: p = 0.402 !
Overall (l-squared =0.0%, p =0.518) é -0.09 (-0.12, -0.07) 100.00
I
| — |
-1.21 0 1.21



Supplementary Figure 3A-E| Regional association plots of the regions highlighted in the exome
analysis showing the region around the signal for: A) ALMS1 on chromosome 2, B) LAMB2 on
chromosome 3, C) TACR3 on chromosome 4, D) PRKAG1 on chromosome 12, E) TNRC6A on
chromosome 16.
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Supplementary Figure 4 | Regional association plots of the two common signals found on the X-
chromosome: A) the signal at rs762080 near to /IGSF1, and B) the signal at rs5914101 in FAAH2. In
each case the surrounding SNPs are coloured to show levels of linkage disequilibrium with the SNP
with the lowest p-value.
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Supplementary Figure 5 | Relative gene expression profiles of highlighted genes using data from the GTex Consortium
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Supplementary Table 1 | Descriptive summary statistics for all included GWAS studies

Type Study Name / Full Study name N Mean age (SD) Mean AAM Mean birth Mean BMI (SD)
acronym (SD) year
Discovery - European 1958BC 1958 National Child Development Study (also 1,836 16 12.83 (1.26) 1958 NA (used BMI z-score
known as the 1958 Birth Cohort Study) at closest age to
menarche)
Discovery - European ARIC Atherosclerosis Risk in Communities Study 3,779 NA 12.93 (1.52) 1932 26.6 (5.4)
Discovery - European Fenland 611 NA 12.8 (1.5) 1961 26.6 (5.3)
Discovery - European FHS Framingham Heart Study 3,673 42.5(10.1) 12.8(1.5) 1952 25.3(5.6)
Discovery - European INGI-VB 933 54.7 (17.9) 12.9(1.5) 1950 25.6(4.9)
Discovery - European InterAct Cases The EPIC-InterAct Study 1,276 55.9(7.9) 13.0(1.7) 1939 30.3 (5.4)
Discovery - European InterAct Sub-cohort The EPIC-InterAct Study 2,916 52.0(9.5) 13.1(1.5) 1943 25.6 (4.4)
Discovery - European KORA F4 Cooperative Health Research in the Region of 1,439 55.26 (13.07) 13.46 (1.49) 1951 27.24 (5.29)
Augsburg (follow-up 4)
Discovery - European Rotterdam Rotterdam Study 1,564 70.9 (9.0) 13.5(1.6) 1920 26.7 (4.1)
Discovery - European SHIP Study of Health in Pomerania (follow-up 2) 1,136 56.04 (13.06) 13.49 (1.55) 1953 26.32 (5.00)
Discovery - European SHIP-TREND Study of Health in Pomerania - TREND 1,718 51.03 (14.85) 13.31(1.52) 1958 27.58 (5.58)
Discovery - European WGHS Women's Genome Health Study 22,199 54.2(7.1) 12.4(1.4) 1939 25.9 (5.0)
Discovery - European WHI Women's Health Initiative 17,962 66.3 NA NA 28.3
Discovery - European Cambridge Cancer The EMBRACE, SEARCH (breast cancer and 5,575 54.3 (9.06) 12.8 (1.53) 1948 22.8 (4.38)
ovarian cancer) and SIBS studies
Discovery - European Amish Old Order Amish Study 828 49.1 (3.7) 13.1(1.3) 1953 28.4(5.7)
Discovery - European EGCUT Estonian Genome Center, University of Tartu 2,295 48.64 (17.12) 13,42 (1,47) 1958 28.56 (8.65)
Discovery - European Sardinia SardiNIA 3,661 43.27 (17.31) 13.12 (1.56) 1960 24.69 (4.99)
Discovery - European Korcula CROATIA Korcula 453 54.86 (14.09) 13.7 (1.63) 1952 27.47 (4.14)
Discovery - European RAINE Western Australian Pregnancy Cohort (Raine) 532 14.07 (0.185) 12.776 (NA) 1989 21.99 (4.039)
Study
Discovery - European Generation Scotland  Generation Scotland:Scottish Family Health 2,271 51.6 (13.64) 12.85(1.47) 1956 26.7 (5.19)
Study
Replication - European 23andMe The 23andMe Research Program 76,831 NA NA NA NA
Replication - European deCODe deCODE Genetics, Iceland 39,486 NA 13.1(1.3) 1948 NA
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Supplementary Table 2 | — Exome array genotyping information by study

Study Exome chip version CHARGE Called using CHARGE cluster file? Called Additional QC info
common using
calling? CHARGE
“best
practices”
protocol?
1958BC HumanExome BeadChip-12vl_A N N N Genotyped as part of UK Exome Chip Consortium. QC according to
EXOME-CHIP QUALITY CONTROL SOP Version 5,2012-11-20 (SOP
v5)
ARIC HumanExome BeadChip v1.0 Y N/A Y -
Fenland HumanExome BeadChip v1.0 N N, Fenland + EPIC called together, N Gencall + zcall
(2042 individuals)
FHS HumanExome BeadChip v1.0 Y N/A Y -
INGI-VB HumanExome-12v1-2_A, N N, 1787 individuals used in N Zcall genotyping. Variants were coded as the minor allele from
HumanOmniExpressExome-8v1-2 calling the CHARGE Joint calling
InterAct Cases+ sub- Illumina HumanCoreExome chip N N, All InterAct called together N Gencall + zcall
cohort (7397 individuals)
KORA F4 HumanExome BeadChip v1.0 N Y Y -
Rotterdam HumanExome BeadChip v1.0 Y N/A Y -
SHIP HumanExome BeadChip v1.0 N N, included in 7366 individuals N Gencall + SOPv5 (PMID: 24777453). Samples called and analysed
SHIP-TREND HumanExome BeadChip v1.0 N called together N from these two studies jointly.
WGHS HumanExome BeadChip v1.1A N N. 22,618 individuals used in Y -
calling
WHI HumanExome BeadChip v1.0 (n~ N N, called within substudy N GenomeStudio v2010.3; QC described in Auer et al. Rare and low-
23,000)and v1.1 (n~1000) frequency coding variants in CXCR2 and other genes are associated
with hematological traits. Nature genetics 46, 629-634 (2014).
Cambridge Cancer HumanExome BeadChip v1.0 N Y Y -
Amish HumanExome BeadChip v1.0 N N. 1909 individuals used in calling Y AdditionalQC was to compare overlapping genotypes with
previously run chips to check concordance rates
EGCUT HumanExome-12v1-1 N N, 1927 and 2894 called in N Called with GENCALL and subsequently zCALL, with quality control
separate batches performed as described in Exome Chip Quality Control SOP Version
5,2012-11-20
Sardinia HumanExome BeadChip-12vl_A N N, 6713 individuals used in calling N -
Korcula HumanExome BeadChip-12vl_A N Y Y Some additional manual checking and reclustering
RAINE HumanExome BeadChip-12vl_A N N N GenomeStudio for calling
Generation Scotland HumanExome BeadChip-12vl_A N Y Y Some additional manual checking and reclustering
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Supplementary Table 3 - Contributing study acknowledgements

Study Name

Acknowledgements

Funding

Disclosure

1958 Birth
Cohort

This work made use of data and samples generated
by the 1958 Birth Cohort (NCDS). Access to these
resources was enabled via the 58READIE Project
funded by Wellcome Trust and Medical Research
Council (grant numbers WT095219MA and
G1001799). A full list of the financial, institutional
and personal contributions to the development of
the 1958 Birth Cohort Biomedical resource is
available at
http://www2.le.ac.uk/projects/birthcohort.
Genotyping was undertaken as part of the Wellcome
Trust Case-Control Consortium (WTCCC) under
Wellcome Trust award 076113, and a full list of the
investigators who contributed to the generation of
the data is available at www.wtccc.org.uk.

Wellcome Trust grant
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Research Council grant
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Trust award 076113.

None

ARIC

The Atherosclerosis Risk in Communities (ARIC) study is
carried out as a collaborative study supported by the
National Heart, Lung, and Blood Institute (NHLBI) contracts
(HHSN268201100005C, HHSN268201100006C,
HHSN268201100007C, HHSN268201100008C,
HHSN268201100009C, HHSN268201100010C,
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authors thank the staff and participants of the ARIC study for
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Funding Disclosure

FHS The authors thank the
Framingham Heart Study
participants and staff.
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analyses were supported by the National Institute of Aging
(Genetics of Reproductive Life Period and Health
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