Novel pleiotropic risk loci for melanoma and nevus density implicate multiple
biological pathways

Supplementary Tables 1-6



Supplementary Table 1. Meta-analysis heterogeneity and meta-regression results for nevus association using the R metafor package. The meta-
regression included mean age in the study, mean absolute latitude and nevus measurement method as moderators. In the meta-regression, I? is the
estimated percentage of sampling variance due to heterogeneity between studies, R* the percentage explained by the moderator variables, and H* the
percentage unexplained residual heterogeneity. Qw P is the P-value from the test for the contribution of moderators, and Qg P, the P-value for the test
for residual heterogeneity.

Random Effects (REML) meta-analysis | Meta-regression (covariates: mean age, latitude, nevus measure)
SNP Gene/Interval 7 P Het P oe R2 2 Qs P Qu P
rs72704658 |SETDBI -1.783 7.46E-02 0.696 1.029 0.000 2.774 0.307 0.978
1s2695237 | PARPI -2.902 3.71E-03 0.525 1.000 95.683 0.022 0.251 0.871
rs4670813  |CYPIBI -5.001 5.70E-07 0.585 1.231 0.000 18.763 0.402 0.778
rs55875066 |HDAC4 3.887 1.02E-04 0.203 1.928 0.000 48.135 0.082 0.916
rs12696304 |TERC -4.536 5.73E-06 0.719 1.147 0.000 12.795 0.493 0.839
rs251464 PPARGCIB -3.833 1.26E-04 0.083 2.058 0.000 51.417 0.039 0.833
rs12203592 |IRF4 1.216 2.24E-01 3.35E-51 3.245 79.689 69.187 0.013 7.02E-6
rs1636744 | TCONS 12 00025686 3.061 2.21E-03 0.684 1.000 0.000 0.000 0.625 0.550
rs600951 DOCKS 2.590 9.59E-03 5.86E-04 2.775 1.573 63.965 0.009 0.327
rs869329 MTAP 5.490 4.01E-08 1.72E-05 3.950 0.000 74.686 0.001 0.656
rs1484375 |9q31.1 3.817 1.35E-04 0.713 1.008 0.000 0.750 0.473 0.793
rs10816595 |9q31.2 -4.941 7.79E-07 0.126 1.184 25.898 15.554 0.102 0.482
rs45575338 | FAM208B 4413 1.02E-05 0.805 1.000 0.000 0.000 0.790 0.562
rs73008229 |ATM -1.861 6.28E-02 0.073 2211 0.000 54.775 0.030 0.913




SNP

Gene/Interval

Random Effects (REML) meta-analysis

Meta-regression (covariates: mean age, latitude, nevus measure)

z P Het P H? R 12 Q:P QuP
rs1640875 | GPRC5A4 2.718 6.57E-03  10.015 2.222 0.000 55.001 0.021 0.680
rs7313352  |KITLG -5.760 8.40E-09  |4.76E-01  1.160 0.000 13.818 0.223 0.876
rs2357176 | SYNE2 3.410 6.49E-04  |331E-01 | 1.655 0.000 39.584 0.099 0.999
rs117648907 | FMNI 4.508 6.54E-06  |4.36E-01 | 0.000 0.000 0.000 0.000 0.000
rs12596638 | FTO 2.468 1.36E-02  |3.68E-01  |1.000 0.000 0.000 0.257 0.538
rs34466956 | NFIC 2.521 1.17E-02  |7.67E-02  3.169 0.000 68.447 0.018 0.984
rs132985 | PLA2G6 -3.961 747E-05  |4.23E-04 5944 0.000 83.176 0.000 0.992




Supplementary Table 2. Comparison of different meta-analysis P-values for top SNPs associated with nevus count. Note that P-values for the
Hans & Eskin random effects model® are in general more significant for our top loci, notably IRF4, MTAP and DOCKS8 where between sample

heterogeneity is highest.

Heterogeneity I* Tests of association by different methods®
SNP Position (B37) N~/ (P-value) Fisher P |Lebrec FEP |H&EREP | REP FE P
studies

rs4670813 (CYPIBI) 2:38317710 11 0% (0.585) 3.94E-04 |4.42E-04 1.09E-06 5.70E-07 5.70E-07
1s55875066 (HDAC4) 2:240076002 |11 25% (0.203) 1.46E-04 | 8.35E-05 1.01E-06 4.30E-05 7.58E-07
1512696304 (TERC) 3:169481271 |11 0% (0.719) 3.43E-03 |3.67E-03 1.07E-05 5.73E-06 5.73E-06
1s251464 (PPARGCIB) 5:149196234 |11 40% (0.083) 1.55E-05 | 1.60E-05 7.08E-07 6.53E-04 4.72E-07
1s12203592 (IRF4) 6:396321 10 97% (3.35E-51) |1.24E-64 |1.52E-66 4.21E-67 3.12E-01 2.54E-18
rs600951 (DOCKS) 9:224742 11 68% (5.86E-04) [3.66E-08 |8.73E-08 1.95E-08 9.86E-03 1.12E-06
15869329 (MTAP) 9:21804693 11 75% (1.72E-05) |7.88E-35 |5.80E-35 2.12E-37 1.84E-08 1.11E-34
rs1484375 (9q31.1) 9:109067561 |10 0% (0.713) 2.47E-02 |2.23E-02 2.36E-04 1.35E-04 1.35E-04
rs10816595 (9q31.2) 9:110709735 |11 34% (0.126) 1.14E-06 |1.50E-06 1.94E-08 6.83E-06 1.08E-08
1545575338 (FAM208B) 10:5784151 11 0% (0.805) 6.87E-03 |7.47E-03 1.89E-05 1.02E-05 1.02E-05
151640875 (GPRC5A) 12:13069524 |11 55% (0.015) 6.30E-05 |3.27E-05 5.72E-06 8.21E-03 2.08E-05
157313352 (KITLG) 12:88949124 |11 0% (0.476) 7.67E-06  |1.18E-05 1.56E-08 8.40E-09 8.40E-09
1s2357176 (SYNE2) 14:64409313 |11 12% (0.331) 1.10E-02 |8.45E-03 3.43E-04 6.55E-04 1.95E-04
15117648907 (FMNI) 15:33277710 |4 0% 0.436 1.05E-04 | 1.24E-04 9.50E-06 6.52E-06 6.52E-06
1s34466956 (NFIC) 19:3353622 10 42% (0.077) 1.03E-03 |1.16E-03 3.85E-04 4.06E-02 2.22E-04
15132985 (PLA2G6) 22:38563471 |11 69% (4.23E-04) |1.96E-16 9.39E-17 3.06E-18 6.53E-05 7.45E-17

a. FE — Conventional fixed effects; Lebrec FE — Lebrec et al (2010)* fixed effects test incorporating heterogeneity; HE - Han and Eskin random
effects model (2011)”; RE - random effects. Bold type indicates genome-wide significance.




Supplementary Table 3. Genome regions (bins) with a >0.5 posterior probability of
containing a melanoma (CMM) or nevus-associated locus from the bivariate CMM-nevus
analysis using GWAS-PW. Results for 7,850,345 SNPs overlapping between the CMM and
nevus meta-analyes were used. The genome was divided into 1703 semi-independent regions.

Region Maximum SNP Posterior probability that interval contains a trait | Most plausible gene
Chr association z score locus under given hypothesis* within region
Start End NSNPs |CMM Nevus CMM Nevus Pleiotropy | Colocated
1 149782667 |151538412 |3081 7.22 3 0.95 0 0.04 0.01 SETDBI
1 224938520 |226810375 |5619 7.37 3.34 0.31 0 0.69 0 PARPI
2 38132712 39030302 3318 5.13 5.29 0 0 1 0 CYPIBI, RMDN2
2 201576284 202817791 |2713 5.75 3.05 0.92 0 0.06 0.01 CASPS, ALS2CR12
2 239952664 241559339 | 6047 4.01 5.43 0 0 0.99 0 HDAC4
3 168580960 |170963758 |6395 431 4.78 0 0 0.97 0 TERC
5 983406 2131784 4232 8.52 3.71 0.94 0 0.06 0 TERT
5 33500180 35048778 4499 7.02 3.85 0.95 0 0.04 0.01 SLC4542
5 148662633 | 150560570 |5325 3.7 5.21 0 0 0.94 0 PPARGCIB
6 202452 1452004 4229 4 8.51 0 0.17 0.72 0.11 IRF4
6 19208231 21679102 |7453 5.57 4 0.88 0 0.06 0 CDKALI
9 46587 1077862 4665 4.79 5.73 0 0 1 0 DOCKS8
9 20464018 22204797 5133 11.83 12.7 0 0 1 0 MTAP
9 107581749 109298040 |5138 5.74 4.65 0.1 0 0.89 0 9q31.1
9 110695062 | 112776273 | 7759 5.28 6.05 0 0 1 0 9q31.2
10 4573474 5982577 6023 3.63 5.26 0.01 0 0.6 0 FAM208B
11 68006171 69516025 3958 6.47 3.47 0.92 0 0.07 0.01 TPCN2, CCND1
11 87430621 89208854 | 5868 10.7 4.13 0.95 0 0.03 0.02 GRMS5, TYR
11 107844790 |108436952 | 1061 7.09 3 0.4 0 0.59 0 ATM
12 12733591 15240327 8039 5.08 5.05 0 0 1 0 GPRC54
12 85990484 89680524 | 9237 3.49 5.72 0 0.11 0.53 0.04 KITLG
14 63790015 65218457 3386 4.44 4.11 0.04 0 0.86 0 SYNE2
14 89497782 91296066 | 4892 7.54 3 0.96 0 0.04 0 TTC7B
15 27298112 29338326 3632 5.93 3.8 0.89 0 0.05 0.01 0C42
15 32443813 34015013 4595 4.82 4.55 0 0 0.98 0 FMNI1
16 53393665 55903323 | 7889 6.01 3.71 0.44 0 0.54 0 FTO
16 65938609 68840588 | 6188 5.28 4.45 0.73 0 0.06 0.11 (ZPF90)
16 87647436 89040532 5093 7.53 4 091 0 0.08 0 MCIR
16 89041794 90171343 | 3888 20.37 3.74 0.92 0 0.07 0.01 MCIR
20 31615615 32809249 1983 11.48 3.39 0.97 0 0.03 0.01 ASIP
20 32814876 34960201 3669 10.28 3.67 0.96 0 0.04 0.01 ASIP
20 34961245 36904375 3594 5.96 3.24 0.89 0 0.08 0 ASIP (DLGAP4)
21 41390174 43321426 6996 7.88 4 0.85 0 0.15 0 MX2
22 37570784 39306784 4184 7.06 8.92 0 0 1 0 PLA2G6




Supplementary Table 4. Most significantly associated genes from the PASCAL gene-based

analysis.
Chromosome |Gene start Gene end Gene symbol |Number of |P value
SNPs

chrl 2572806 2706230 TTC34 191 8.68E-05
chr2 38294745 38303323 CYPI1BI 284 4.11E-05
chr2 43864438 43995126 PLEKHH?2 644 2.02E-05
chr2 44001177 44037149 DYNC2LI1 350 3.01E-05
chr2 239969863 240323346 |HDAC4 1182 1.03E-05
chr2 240115026 240117153 |\ MGC16025 309 5.97E-06
chr3 169482397 169482848 | TERC 84 6.05E-05
chr3 169484710 169487683 | ACTRT3 88 5.00E-05
chr3 169490852 169507504 |MYNN 110 2.30E-05
chr3 169511215 169530574 |LRRC34 134 1.85E-05
chr3 169539709 169555560  |LRRIQ4 149 2.85E-05
chr9 121037 179075 CBWDI 123 1.33E-05
chr9 213107 215893 C9orf66 272 9.90E-06
chr9 21802634 22029593 MTAP 557 1.00E-12
chr9 21967137 21967753 C9orf53 113 1.58E-09
chr9 21967750 21994490 CDKN2A 170 8.91E-08
chr9 21994789 22121093 CDKN2B-AS1 (386 1.83E-06
chr9 22002901 22009312 CDKN2B 164 3.48E-06
chr9 129376721 129463311 LMXIB 453 4.90E-05
chr10 5680819 5708558 ASBI13 446 1.36E-06
chr10 5726800 5805703 FAM208B 361 5.76E-06
chrl2 13028410 13029070 RPL13AP20 |265 2.18E-05
chr12 13043955 13066600 GPRCSA 301 1.27E-06
chrl2 13068762 13068852 MIR614 244 6.63E-07
chrl2 13093708 13103318 GPRCS5D 236 2.38E-06
chr12 88886569 88974250 KITLG 254 2.31E-06
chrl4 64319682 64693167 SYNE2 806 8.93E-05
chr19 29456037 29460055 LINC00906 163 6.96E-05
chr22 38453261 38471708 PICK1 167 1.67E-05
chr22 38474143 38479170 SLC16A8 166 2.28E-06
chr22 38480895 38506676 BAIAP2L2 239 4.67E-10
chr22 38507501 38577836 PLA2G6 385 1.00E-12
chr22 38597938 38612517 MAFF 277 1.00E-12
chr22 38615297 38669040 TMEMI184B |311 1.00E-12
chr22 38686696 38794527 CSNKI1E 301 2.65E-06




Supplementary Table 5. Variance of log transformed total nevus count in 3,262 BTNS
adolescent twins and 3,312 adult TwinsUK twins explained by different sources in a random
effects REML analysis (GCTA and LDAKS5.0). Due to the relatively small sample size,
estimates from these models will be slightly unstable.

Sample Locus or region |N Pedigree Family Regional |Log
NRM environment likelihood

Twins UK |- 3,312 10.49 (0.05) ]0.37(0.04) |- -2210.1

All candidates 0.42(0.04) 10.37(0.04) [0.06 (0.01) |-2170.1
BTNS - 3,262 10.87(0.04) ]0.13(0.04) |- -3707.7

All candidates 0.76 (0.10) 10.08 (0.04) 10.17 (0.02) |-3629.9

IRF4 0.09

MTAP 0.03

PLA2G6 0.005

GPCRSA 0.0003

TERC 0.0001

Other telomere 0.008

Immune related* 0.0

* kinship based on 1,644 SNPs in known genes for Type 1 diabetes, psoriasis, anklyosing
spondylitis, inflammatory bowel disease, coeliac disease, systemic lupus erythematosis — in-
cluding SNPs in CTLA4 and PTPN22.




Supplementary Table 6. Genome-wide complex trait analysis (GCTA) estimates of the vari-
ance explained by all autosomal SNPs for nevus count for TwinUK, QIMR and a combined
sample (using all family members or only unrelateds (1/family)).

Sample Model Var% Var%se | LRT df AIC
TwinUK G* 47.0 4.6 -1681.7 | 3312 -8305.7
CP 37.9 3.5
E 15.1
QIMR G 79.7 4.2 1.1 2296 -4590.9
C 14.3 4.2
E 6.0
Combined G 58.0 2.5 -1905.6 | 5608 -13121.6
(all cases) C 34.2 2.3
E 7.8
(one/family) | G 29.4 9.9 -1533.6 | 2823 -7179.6
E 70.6
* Estimates of the variance explained by all autosomal SNPs;
> Common (shared) environment.
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Supplementary Figure 1. Quantile-Quantile plot of -log), (P) values from nevus meta-
analysis of 11 component studies. Results for each study are shown separately in Section 3.1
of the Supplementary Information. The genomic inflation factor A=1.40, standardized
genomic inflation factor Aip0=1.008.
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Supplementary Figure 2. Manhattan plot of -log;o (P) values from nevus meta-analysis of 11 component studies. Results for each study are
shown separately in Section 3.1 of the Supplementary information. Bracketed SNP names are for SNPs genotyped in only one study that
nevertheless reached genome-wide levels of significance. These tended to be low frequency indels and had usually failed the QC pipeline in

other nevus studies and the melanoma meta-analysis.
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Supplementary Figure 3. Manhattan plot of P values from meta-analysis combining nevus and melanoma results.
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Supplementary Figure 4. Quantile-Quantile plot of P values from meta-analysis combining
nevus and melanoma results. Colours of points for the SNP association P values represent
chromosome. Colours been laid down sequentially, so the colour of lesser SNPs from a “more
significant” chromosome are overwritten. The genomic inflation factor A=1.36, standardized
genomic inflation factor Aip=1.004
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Supplementary Figure 5. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs2695237 near PARPI (chr1:226.4Mbp).
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Supplementary Figure 6. Regional association (nevi and melanoma) and forest plot (nevi
only) rs4670813 in CYP1B1 (chr2:38.1Mbp).
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Supplementary Figure 7. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs55875066 in HDAC4 (chr2:239.2Mbp).
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Supplementary Figure 8. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs126961s304 near TERC (chr3:169.8 Mbp).

®1rs9831661 : Naevus Count
' 100 4 ©rs12696304 : Melanoma
2
G 10730 e
§ 1020
S
Z
S
O
S #’
= ® J
s [ ] e ' ™Y
4 L)
§ : ® '.
2 1'4!; =
g
DV
D T
S
L,
E
~—
= 1020 S
& 30 '
B 1077 O ——— el —
5 SRS S S :
107 Uk e, 4, < %, ‘o, % e
2 %%, e, 0, % “
] ] ] ] ] |‘3<9

169200 169300 169400 169500 169600 169700
Position on chr. 3 (Kb)

TERG:rs12696304 (Chr3 169.5 Mbp)
(meta P=2.492-05 ' hetP=7.1e-01)

ALSPAC - 0.03[-0.02, 0.09 ]
Harvard l 0.06[ 0.02,011]
Leeds -1 0.02[-0.13,0.18]
QIMR-BTNS m 0.09[ 0.00,017]
QIMR-BTNS-Parents = 0.02[-0.03,0.07]
QIMR-Adult-Twins - 0.07[ 0.01,013]
QIMR-Older-Twins m 0.02[-0.03, 0.07]
Raine-Eye-Health-Study I 0.01 [-0.05, 0.06]
Rotterdam m 0.02[-0.06,010]
Twins-Eyes-Study-Tasmania | 0.27[-113,1.68]
Twins-UK - 0.06[ 0.00,0.12]
Summary i 0.04[ 0.02,0.06]
| T | 1 |

-2.00 -1.00 0.00 1.00 2.00
Standardized Effect of rs12696304°C on Naevus Count



Supplementary Figure 9. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs251464 in PPARGCIB (chr5:149.8Mbp).
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Supplementary Figure 10. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs12203592 in IRF4 (chr6:0.4Mbp).
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Supplementary Figure 11. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs600951 in DOCKS (chr9:0.2Mbp).
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Supplementary Figure 12. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs869329 in MTAP (chr9:21.8 Mbp).
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Supplementary Figure 13. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs10816595 near KLF4, 9q31.2 (chr9:107.9Mbp).
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Supplementary Figure 14. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs45575338 in FAM208B (chr10:5.7Mbp).
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Supplementary Figure 15. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs1640875 in GPRC5A (chr12:12.9Mbp).
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Supplementary Figure 16. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs7313352 in KITLG (chr12:88.6Mbp).
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Supplementary Figure 17. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs2357176 in SYNE?2 (chr14:63.9Mbp).
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Supplementary Figure 18. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs34466956 in NFIC (chr19:3.4Mbp).
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Supplementary Figure 19. Regional association (nevi and melanoma) and forest plot (nevi
only) for rs132985 in PLA2G6 (chr22:38.2Mbp).
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Supplementary Figure 20. UCSC Genome Browser view of region around ARNT (1q21.3).
Blue vertical line marks position of 1s72704656. The association peak is broad, with little
contribution from the nevus meta-analysis.
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Supplementary Figure 21. UCSC Genome Browser view of region around SETDB]
(1921.3).
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Supplementary Figure 22. UCSC Genome Browser view of region around HDAC4
(2937.3). The blue line highlights the peak associated SNP rs55875066, which appears to lie
within an MITF-associated regulatory element (closely located MITF and SOX10 binding
sites).
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Supplementary Figure 23. UCSC Genome Browser view of region around 7ERC (3q26.2).
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Supplementary Figure 24. UCSC Genome Browser view of region around CLPTM 1L

(5p15.33).
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Supplementary Figure 25. UCSC Genome Browser view of region around PPARGCIB
(5932). Blue vertical line marks position of rs251464.
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Supplementary Figure 26. UCSC Genome Browser view of region around /RF'4 (6p25.3).
Blue vertical line marks location of rs12203592.
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Supplementary Figure 27. UCSC Genome Browser view of region around
TCONS 12 00025686 (Tp21.1).
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Supplementary Figure 28. UCSC Genome Browser view of region around CSMD/
(8p23.2). The peak SNP is highlighted is only associated with nevus count, but note the lesser
combined P-value peak 200 kbp away driven by melanoma association (the gene is very
large).
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Supplementary Figure 29. UCSC Genome Browser view of region around DOCKS
(9p24.3).
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Supplementary Figure 30. UCSC Genome Browser view of region around M7TAP (9p21.3).
Blue vertical line marks the location of rs935055.
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Supplementary Figure 31. UCSC Genome Browser view of proximal association peak in
the 9932.1 region. Blue line marks location of rs10816595 (most significant associated SNP).
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Supplementary Figure 32. UCSC Genome Browser view of distal association peak in the
broader 9q32.1-2 region.




Supplementary Figure 33. UCSC Genome Browser view of the nevus count association
peak in FAM208B (10p15.1).

Sak SOkLE : gkl
L alw STIOONy S TEOO0D S MOOGE S TR0 S TEQONY  STT0O00 S TEOODD S TR0000  SAMCOD]  SEI0000  SEOON) SEM0Id S HO00G S E0and
L i )
T Wil il
iy

Soaulacey darents tar OReghnne
) ) s

L . L_ _JJ. FUURPRRPRNTIT SRS PR .;....;..L.LJ.. T TRV TR 17 SR PEPUTIPRTRT WA T b

ohrom =T rachs frar Boadimrap
| || S N HNENNNE NN NN N O ] | T
i N I I ——
' ]

&

daaser 14550

kbbb, u.-.L‘.lm-.JuJ. LN AT P 1 TR R B S T e —.-..m—.
EEMSTTTES

Tle o, . dbla i ]-L. -.ill. T S A T .....jln.._]..-:.i_‘ .

daaser 1614 |
MG B2 Catakog o Fublshed Gerome Ve £

S Mud edids Fdyrophiars o
Ao T | AT TR R T T (| R e A T e e ER
Chio 21 i 5

matn ineracon final wE s B aned Bd Tags (Chil SE T from

FANETE F

BB =G Sograads cgpreasion dounduroes

SR ard TUCS rarsci gs



Supplementary Figure 34. UCSC Genome Browser view of region around most
significantly associated SNPs near GPRC54 (12p13.1).
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Supplementary Figure 35. UCSC Genome Browser view of the nevus count association
peak in KITLG (12g21.32). This coincides with a testicular germ cell tumour locus. The blue
line highlights the peak SNP rs7313352, but have also emphasized the position of rs4590952,
a characterized functional SNP33
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Supplementary Figure 36. UCSC Genome Browser view of region around SYNE?2
(14g23.2). The peak SNP rs2357176 is highlighted.
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Supplementary Figure 37. UCSC Genome Browser view of region around FMN]
(15q13.3).
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Supplementary Figure 38. UCSC Genome Browser view of region near F70 (16q12.2).
Blue line highlights location of rs12596638.
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Supplementary Figure 39. UCSC Genome Browser view of region near NFIC (19p13.3).
Blue line highlights location of rs34466956.
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Supplementary Figure 40. UCSC Genome Browser view of region around PLA2G6
(22q13.1).
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Supplementary Figure 41. Combination of nevus count and telomere length GWAS.

Results of GWAS-PW analyses which assigns posterior probabilities (PPA) to each of ~1700

genomic regions that it is (a) a pure nevus locus, (b) a pure telomere length (TL) maintenance

locus, (c) a pleiotropic TL and nevus locus, and (d) that the locus contains co-located but

distinct variants for TL and nevi.
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Supplementary Figure 42. Combination of nevus and pigmentation GWAS. Results of

GWAS-PW analyses which assigns posterior probabilities (PPA) to each of ~1700 genomic

regions that it is (a) a pure nevus locus, (b) a pure hair color locus, (c) a pleiotropic locus, and

(d) that the locus contains co-located but distinct variants for nevi and hair color.
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Supplementary Figure 43. Plot of meta-analysis mean effect size of top 21 nevi loci (1 best

SNP per locus) for melanoma risk and nevus count.
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Effect size on Melanoma (s.d.)

Effect size on Melanoma (s.d.)

Supplementary Figure 44a. Plot of effect size of pleiotropic alleles on melanoma risk and
nevus count. Alleles are selected either on strength of association to the first (L panel) or
second trait (R panel).
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Effect size on Melanoma (s.d.)

Effect size on Melanoma (s.d.)

Supplementary Figure 44b. Plot of effect size of pleiotropic alleles on melanoma risk and
nevus count. Alleles are selected either on strength of association to the first or second trait.
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Effect size on Melanoma (s.d.)

Effect size on Melanoma (s.d.)

Supplementary Figure 44c. Plot of effect size of pleiotropic alleles on melanoma risk and
nevus count. Alleles are selected either on strength of association to the first or second trait.
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Supplementary Figure 45. Manhattan and QQ plots for ALSPAC nevus analysis
(n=3,309).
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Supplementary Figure 46. Manhattan and QQ plots for Harvard nevus meta-analysis
(n=15,952).
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Supplementary Figure 47. Manhattan and QQ plots for Leeds nevus analysis (n = 397).
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Supplementary Figure 48. Manhattan and QQ plots for QIMR nevus analysis: Adolescent
twins (n = 3261)
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Supplementary Figure 49. Manhattan and QQ plots for QIMR nevus analysis: Parents of
twins (n = 2,248).
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Supplementary Figure 50. Manhattan and QQ plots for QIMR nevus analysis: Adult twins
(n=1,848).
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Supplementary Figure 51. Manhattan and QQ plots for QIMR nevus analysis: Older twins
(n=893).
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Supplementary Figure 52. Manhattan and QQ plots for nevus analysis: Raine Eye Health
Study (n = 808)
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Supplementary Figure 53. Manhattan and QQ plots for nevus analysis in Rotterdam Study

(n=3319).
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Supplementary Figure 54. Manhattan and QQ plots for QIMR nevus analysis: Twins Eyes
Study in Tasmanian (n = 136).
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Supplementary Figure 55. Manhattan and QQ plots for nevus analysis: TwinsUK
(n=3,312).
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Novel pleiotropic risk loci for melanoma and nevus density implicate
multiple biological pathways
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S1 Subjects and phenotypes for each study

S1.1 Nevus samples: Subjects and phenotypes.

While nevus counts or density assessments are available for melanoma cases from a number
of studies, in the meta-analysis of nevus count we included only samples of healthy
individuals without melanoma, all of European ancestry.

ALSPAC: The Avon Longitudinal Study of Parents and Children is a population-based birth
cohort study consisting of over 13,000 women and their children recruited from the county of
Avon, UK, in the early 1990s'*"*. Both mothers and children have been extensively followed
from the eighth gestational week onward with a combination of self-reported questionnaires,
medical records, and physical examinations. Biological samples including DNA were
collected for 10,121 of the children from this cohort, and genome-wide SNP typing has been
performed. The number of large and small nevi on the arms and legs was self-counted by
3,257 participants at age 15, and validated by observer count of nevi >5 mm diameter on one
arm in 325 individuals'®. The total number for whom both nevus count and genome-wide
association studies (GWAS) were available was 3,309.

Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee
and the Local Research Ethics Committees and written and informed consent was provided
by the parents. The study website contains details of all the data that are available through a
fully searchable data dictionary (http://www.bris.ac.uk/alspac/researchers/data-access/data-
dictionary/). Because of a quite skewed distribution of counts, the inverse Gaussian rankit
transformation was used for the counts, and regression adjusted for sex (all participants are
the same age).

Harvard: Data on nevus counts are available from three umbrella studies:

Nurses’ Health Study (NHS): The NHS was established in 1976, when 121,700 female
registered nurses between the ages of 30 and 55 years residing in 11 larger US states
completed and returned an initial self-administered questionnaire on their medical histories
and baseline health-related exposures. Biennial questionnaires with collection of exposure
information on risk factors have been collected prospectively. Every 2 years, along with
exposures, outcome data with appropriate follow-up of reported disease events are collected.
Overall, follow-up has been high; after more than 20 years, ~90% of participants continue to
complete questionnaires. From May 1989 through September 1990, we collected blood
samples from 32,826 participants in the NHS. Information on SCC development was first
collected in the 1984 questionnaire.

Nurses’ Health Study Il (NHS2): The NHS2 was established in 1989, when 116,671 female
registered nurses aged 25—42 and residing in the United States at the time of enrolment
responded to an initial questionnaire on their medical histories and baseline health-related
exposures. Participants have returned biennial questionnaires similar to those used for the
NHS. Between 1996 and 1999, 29,611 nurses provided blood samples. Ninety percent of the
nurses still participate.
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Health Professionals Follow-up Study (HPFS): In 1986, 51,529 men from all 50 US states in
health professions (dentists, pharmacists, optometrists, osteopath physicians, podiatrists, and
veterinarians) aged 40—75 years answered a detailed mailed questionnaire, forming the basis
of the study. The average follow-up rate for this cohort over 10 years is >90%. On each
biennial questionnaire, we obtained disease- and health-related information. Between 1993
and 1994, 18,159 study participants provided blood samples by overnight courier.
Information on SCC development was first collected in the 1986 questionnaire.

Coding of phenotype and statistical analysis: Both the NHS and HPFS prospectively
collected self-reported information on the number of melanocytic nevi on the arms (larger
than 3 mm in diameter) using similar wording. Participants were asked to choose from the
following categories: 1 = none,2=1-2,3=3-5,4=6-9,5=10-14,6 = 15-20,and 7 =
21+. This ordinal variable is a highly significant predictor of melanoma risk in these
cohorts'’. SNP genotype data are available for 32,975 participants who took part in seven
case-control studies nested within the NHS and HPFS.

Leeds: The Leeds case-control study’ covers a geographically defined area of Yorkshire and
the northern region of the United Kingdom. Controls were identified by the cases’ family
doctors as not having cancer and were randomly invited from individuals with the same sex
and within the same 5-year age group as a case. Participants were examined by specifically
trained research nurses, who counted nevi on exposed skin (excluding the genitalia and
breasts). Total body nevus count was defined as the sum of all nevi >2 mm. We include
phenotype and genotype data from 397 controls (mean age 57 years, range 21-80). Studies
were approved by the UK Multi-Centre Research Ethics Committee (MREC), and the Patient
Information Advisory Group (PIAG) and informed consent was obtained from all subjects.

QIMR Brisbane Twin Nevus Study (BTNS): As described in detail elsewhere4,18,
adolescent twins, their siblings and parents have been recruited since 1992 into an ongoing
study of genetic and environmental factors contributing to the development of pigmented
nevi and other risk factors for skin cancer. The proband twins are recruited via public appeal
and through schools around Brisbane. The total body nevus count (excluding the genital area
and breasts) was defined as the sum of all nevi >0 mm in diameter. Total body nevus counts
(excluding the genital area and breasts) summed across three size classes, <2 mm, 2—5 mm,
>5 mm, were obtained from the adolescent twins on two occasions by a trained nurse (at ages
12 and 14), and in near-age singleton siblings on one occasion (the first visit of the twins).
For simplicity, we use only the first measurement from the twins, and 3,261 individuals from
1,309 families were included. The mean age of both cohorts at the time of counting was 12.6
(range 10-23).

Parents of BTNS Twins: Mole counts in the parents of the twins were assessed by a 4-point
questionnaire item with levels: none, a few, moderate, many; the item was accompanied by a
cartoon showing 0, 6, 14 and 28 spots visible on a silhouette of a human in the anatomical
position. Of the parents of the twins, 2,248 from 1,299 families had self-reported nevus score
and genotypes available. While the parents in themselves may be viewed as a sample of
unrelated individuals, their relatedness to the twins/sibs in Cohorts 1 and 2 above must be
taken into account in genetic analysis (see below).

QIMR Adult Twins: In the context of an online survey whose primary focus was childhood
trauma of adult twins who had been already genome-wide genotyped®, twins were asked a
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number of general health questions including: “Moles are brown or black spots on the skin
which usually start in childhood. They are usually darker and larger than freckles. How many
moles do you think you have, including any you have had removed: (1) None, (2) <10, (3)
10-50, (4) >50”. A sample of 1,848 individuals (from 1,113 twin families) aged 29—79 (mean
52) with nevus phenotype and genotypes are included here, excluding overlapping twins (n =
3) already included in the QIMR >50 Twins sample (see below).

QIMR >50 Twins: As part of a mailed questionnaire survey of twins aged over age 50
enrolled in the Australian Twin Registry conducted 1993-96 (Over-50s Study)’ twins were
asked to count moles >4 mm diameter on their right arm. A sample of 893 individuals (from
596 twin pairs) aged 50-92 (mean 61) with nevus phenotype and genotypes are included here
(407 on CoreExome, 567 on 610K).

QIMR Ethics: All subjects over 18 years gave informed consent to participation in the
various studies; for those under 18, consent was obtained from parents. The study protocols
were approved by the QIMR Human Research Ethics Committee.

Raine Eye Health Study: Nevi data were collected as part of the Western Australian
Pregnancy Cohort (Raine) Study, which is following 2,868 children born 1989-1991 in
Perth®. (Initial funding came from the Raine Medical Research Foundation, prompting the
usual short title of this study.) At the 22-year follow-up of the cohort (the Raine Eye Health
Study), the number of benign melanocytic nevi on the right arm was counted in 1,234
participants. A nevus was defined as a brown-to-black pigmented macule or papule of any
size that was darker than the surrounding skin. Trained research assistants counted all nevi,
categorizing into three groups according to size (<2 mm diameter, 2—-5 mm, >5 mm). Raised
and non-raised nevi were recorded separately. Atypical morphology including one or more of
the following was also noted: (a) irregular border; (b) ill-defined border; (c) macular
component at periphery. DNA samples and consents for GWAS studies were available for
980 participants from the previous assessments, but only #» = 808 also had mole counts.
Informed consent was obtained from all participants at the time of examinations. The study
protocol was approved by the Human Research Ethics Committee of the University of
Western Australia.

Rotterdam Study: The RS is a population-based study and consists of three cohorts. The orig-
inal cohort, RS-I, started in 1990 and includes 7,983 subjects aged 55 years and older. The
second cohort, RS-II, was added in 2000 and includes 3,011 subjects aged 55 years and older.
The last cohort, RS-III, includes 3,932 subjects of 45 years of age and older and started in
2006. In a subset of older individuals (age range 51-98, mean 67) within the Rotterdam
Study (n = 3,319)’, total body nevus count (>2 mm diameter) was scored by an observer (a
dermatology resident) on a 4-point scale: <25, 25-50, 50-100, >100, and GWAS was avail-
able for all of these. All participants provided written informed consent, and the medical
ethics committee of the Erasmus MC University Medical Center approved the study protocol.

Twins Eyes Study in Tasmania (TEST): Within the context of the Twins Eyes Study in
Tasmania (TEST'), a subsample of twins was examined and had nevi counted using the same
protocol (and study nurses) as for BTNS above. They were also genotyped in the same
batches as BTNS twins, both on the 610k and Core+Exome chips. A sample of 136
individuals (from 71 twin families) aged 5—18 (mean 10) with nevus phenotype and
genotypes are included here. Consent and ethics are as for QIMR Ethics above.
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TwinsUK: The St. Thomas’ UK adult twin registry (TwinsUK) cohort is unselected for any
disease and is representative of the general UK population. Nevus counts were collected at St.
Thomas Hospital in London. Examination was performed by trained research nurses
following a standardized and reproducible nevus count protocol. The total body nevus count
(excluding the genital area, breasts and posterior scalp) was defined as the sum of all nevi >2
mm in diameter. Genotype data were available for 3,312 subjects with nevus counts within
1,839 complete twin pairs. The mean age was 47 years (range 18-80)'". The study was
approved by the St. Thomas’ Hospital Research Ethics Committee. Written informed consent
was obtained from every participant in the study.
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S1.2 Genotyping, imputation and statistical methods for each study

Nevus samples: Genotyping, quality control, imputation, and statistical analysis

Some of the studies contributing to our association meta-analysis are family samples (either
twins or twins plus their parents—QIMR studies plus TEST) that have been analysed to take
proper account of relatedness using Merlin or MENDEL, while the remainder are of
unrelated individuals who have been analyzed in PLINK. In each case, covariates including
sex, age, age’, sex X age, sex x age’, and up to 5 ancestry principal components have been
fitted.

ALSPAC: GWAS data were generated by Sample Logistics and Genotyping Facilities at the
Wellcome Trust Sanger Institute and LabCorp (Laboratory Corporation of America) using
support from 23andMe; 975 individuals were genotyped at the WTSI and 9,382 were
genotyped at LabCorp, both on the Illumina 550K Custom chip. All individuals of non-
European ancestry, ambiguous sex, extreme heterozygosity (<0.32 or >0.345 in the WTSI set
and <0.31 or >0.33 in the LabCorp set), cryptic relatedness (>10% IBD) and high
missingness (>3%) were removed. SNPs with low genotyping rate (<95%), with low minor
allele frequency (<1%), out of Hardy Weinberg equilibrium (P < 5 x 107) or from the pseudo-
autosomal region of the X chromosome were excluded. 8,365 individuals typed on 464,311
probes remained. Phasing of the SNPs was carried out using MaCH 1.0 Markov Chain
Haplotyping software and imputation was carried out using Minimac using phase 1 1000
Genomes reference panel (v3.20101123, ALL populations, no monomorphic/singletons). The
final imputed dataset consisted of 8,365 individuals and 31,337,615 variants. Because of a
quite skewed distribution of counts, the inverse Gaussian rankit transformation was used for
the counts, and regression adjusted for sex (all participants are almost the same age—15
years).

Harvard: There were 36 GWAS datasets from the NHS, NHS2, and HPFS with cleaned
genotype data available (Tables S1.2-1-S1.2-3). These studies were genotyped using
different arrays that fall into five categories: AffyMetrix, [llumina HumanHap series, Illumina
OmniExpress, OncoArray, and HumanCoreExome. Standard quality control filters for call
rate, Hardy-Weinberg equilibrium, and other measures were applied to the genotyped SNPs
and/or samples. We combined these datasets into five compiled datasets based on their
genotype platforms using the same methods described by Lindstrom and coworkers". Briefly,
datasets were imputed separately, with the 1000 Genomes Project Phase 3 Integrated Release
Version 5 as the reference panel. SNP genotypes were imputed in two steps: genotypes on
each chromosome were phased using ShapelT (v2.r837), and these phased data submitted to
the Michigan Imputation Server, which used Minimac3 to impute the phased genotypes to
approximately 47 million markers in the 1000 Genomes Project mixed population. We
regressed nevus counts (0 = none, 1.5 =1-2,4=3-5,7.5=6-9, 10 = 10+) on the dosage of
each SNP, adjusted for age, sex, and the top three principal components (PCs). All the
analyses were first conducted within each of the platform-specific datasets, and then
combined by inverse-variance-weighted meta-analysis if results were not significantly
different. ProbABEL package and R-3.0.2 were used to perform these tests. Ethical approval
was obtained from appropriate IRBs and informed consent was obtained from all subjects.
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Table S1.2-1. Useable imputed markers from different genotyping platforms across Harvard

datasets.
# of 1000G imputed # of 1000G imputed markers

Platform iTmO;i‘lltf dolfnla(:'?((:fs markers wilih with MAI?>1% and

MAF>1% imputation R> 0.3
Affymetrix 47,099,529 9,905,080 9,493,426
Illumina 47,072,643 9,914,807 9,483,976
OmniExpress 47,099,529 9,916,935 9,545,576
HumanCoreExome 47,099,529 9,913,354 9,374,734
OncoArray 47,009,858 9,900,950 9,456,698

Table S1.2-2. Distribution of nevus count across five Harvard datasets compiled by

genotyping platform.
Combined dataset NO#; zf participlzjlzlts in each ;_esvus count c6=;1;eg0ries (‘%1)2” Total
Affymetrix (221(.)32%) (21 1’.3545)) (85;:;)) (21;02@ (21.;;)) 6,257
— 2,771 1,426 542 233 233 <205

(53.2%) | ©@14%) | (104%) | 45%) | (4.5%) :

OmniExpress (23,.152%) (21254.1;2)) (85.2‘;) (21.;;)) (21.;1074) 6,497
HumanCoreExome (219’.987‘;)) (3294.137% (12.54{%) (75.205@ (13.29%%) 6,624
OncoArray (33 é%j;) (3241?27;) (113’.120;,) (5%3064) (86.302@ 8,392
Total (112’.19%/(3) (299;19 Oi) (13 1’.720%) (ngg/j) (16’.?)2/3) 32,975

Table S1.2-3. Distribution of gender across five Harvard datasets compiled by genotyping

platform.

Combined dataset Women Men Total
Affymetrix 3,656 (58.4%) 2,601 (41.6%) 6,257
[llumina 4,260 (81.8%) 945 (18.2%) 5,205
OmniExpress 4,293 (66.1%) 2,204 (33.9%) 6,497
HumanCoreExome 5,308 (80.1%) 1,316 (19.9%) 6,624
OncoArray 6,542 (78.0%) 1,850 (22.0%) 8,392
Total 24,059 (73.0%) 8,916 (27.0%) 32,975
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Leeds: The Leeds controls were genotyped on Illumina Infintum HumanOmniExpressExome
array. Prior to imputation all SNPs with MAF <0.01, HWE P value <10, missing rate >0.03
were dropped. Also dropped were any individuals missing >0.03, any European outliers (as
identified by PCA/Eigenstrat), any individuals with heterozygosity>0.05 or <-0.05 and any
whose predicted sex (from heterozygosity on the X chromosome) does not match their
recorded sex. In addition one half of any pair of individuals who are related with pihat >0.15
were dropped (so dropping second-degree relatives). Imputation was conducted using the
Michigan Imputation Server with the Haplotype Reference Consortium panel (HRC version 1
http://www.haplotype-reference-consortium.org) and run using Minimac3. Only SNPs with
INFO>0.8 were retained.

Australian samples (QIMR, TEST and Raine): The Australia cohorts were meta-analysed
after running separate association tests for each cohort. All genotyping used standard Illumina
genotyping chips and genotypes were called and initially cleaned using the Genotyping
Module in BeadStudio (older data) or GenomeStudio. Raine samples were genotyped using
the Illumina 660 Quad Array at the Centre for Applied Genomics in Toronto. Genotypes for
other Australian cohorts were drawn from a larger family-based genotype dataset held at
QIMR Berghofer which consistently QCs and integrates data across various batches and
[Nlumina chips. Genotype data were screened for genotyping quality (GenCall mean < 0.7),
SNP and individual call rates (< 0.95), HWE failure (P < 10°), and MAF (< 0.01) as well as
being checked for pedigree, sex and Mendelian errors. Non-Europeans were excluded outside
of an “acceptable” box +/-6 SD from the European mean in PC1 and PC2 in a SMARTPCA
analysis. HapMap Phase 2 and Genome-EUTWIN populations were used to define the axes,
and the Australian samples projected onto those axes.

BTNS Cohorts 1 and 2 both have twins with age range 9-23 (mean 12.6), plus added parents.
BTNS Cohort 1 (2,327 individuals, 908 twin families; phenotyped to end 2007) and TEST
(136 individuals with eye phenotype) were genotyped on Illumina 610-Quad arrays at
deCODE Genetics, Iceland or (r = 80, TEST) at CIDR. BTNS Cohort 2 (934 individuals, 401
families; phenotyped 2008 to May 2013) were genotyped on Illumina CoreExome arrays in
the Laboratory of Dr Matt Brown, Diamantina Institute Brisbane. QIMR Adult Twins (1,848
individuals) were genotyped on Illumina 370K-duo arrays by CIDR or (some samples) 370K-
quad by deCODE Genetics. QIMR >50 twins (893 individuals) were genotyped across
[llumina 317K, 370K, 610K, Omni2.5, Omni-Express, Core+Exome arrays™.

Imputation used 2-stage imputation in MACH+minimac (BTNS Cohort 1) or
SHAPEIT+minimac (others) to either 1000 Genomes Phase 3 (r5) (QIMR Adult Twins) or
1000 Genomes Phase 1 (20100804 or v3) (others). Due to poor SNP overlap between the two
chip families, Omni/Core+Exome chips were imputed separately to others; observed markers
were a universally available set of ~280,000 (MAF>1%) for 317K, 370K, 610K chips; and a
corresponding set of ~240,000 for Omni, Core+Exome chips. Association tests crossing chip-
family boundaries (i.e., QIMR >50 Twins) used a binary covariate to distinguish imputation
run, after merging the two imputed datasets.

Analysis of the nevus counts in the adolescent BTNS and TEST studies was carried out
following cube-root transformation of the counts, and including age, age?, year studied, body
surface area, estimated cumulative UV exposure, ancestry (first 5 PCs as well as reported
grandparental ancestry, coded as northern vs. southern European), hair and skin colour as
covariates. For these counts from adolescents, we found that cube-root transformation was
significantly better than log transformation based on the Box-Cox analysis, and it closely
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matched the results of a negative binomial generalized linear mixed model analysis of the
BTNS data, which also improved significantly in terms of model-fit diagnostics

Association of the GWAS SNP genotypes to quantitative phenotypes was carried out using a
conventional linear mixed model as implemented in GEMMA?! which takes account of
relatedness. For some analyses fine-scale follow-up and multivariate mixed model
association analysis was carried out using MENDEL 14.0%, and WOMBAT? (see Table
S3.2-1). Descriptive statistics and plots were produced using the R statistical programming
environment.**

Rotterdam: Genotyping of SNPs was performed using the [llumina InfiniumII
HumanHap550 array (RS-I), the Illumina Infintum HumanHap 550-Duo array (RS-I, RS-II)
and the Illumina Infintum Human 610-Quad array (RS-I, RS-III). Samples with low call rate
(<97.5%), with excess autosomal heterozygosity (>0.336), or with sex-mismatch were
excluded, as were outliers identified by the identity-by-state clustering analysis (outliers were
defined as being >3 SD from the population mean or having identity-by-state probabilities
>97%). A set of genotyped input SNPs with call rate >98%, MAF >0.1% and Hardy—
Weinberg P value >107°was used for imputation. The Markov Chain Haplotyping (MACH)
package version 1.0 software® (imputed to plus strand of NCBI build 37, 1000 Genomes
phase I version 3) and minimac version 2012.8.6 were used for the imputation (N SNPs =
8,694,275).

TwinsUK: The TwinsUK sample was genotyped using a combination of Illumina arrays
(HumanHap3001'2, HumanHap610Q, 1M-Duo and 1.2MDuo 1M) as described previously12.
Stringent QC measures were implemented, including minimum genotyping success rate
(>95%), Hardy—Weinberg equilibrium (P > 10°), minimum MAF (>1%) and imputation
quality score (>0.7). Subjects of non-Caucasian ancestry were excluded from the analysis.
Whole genome imputation of the genotypes was performed using the Phase I, Integrated
Variant Set from the 1000 Genomes Project (March 2012). Pre-phasing was done using
Shapelt and the imputed genotypic probabilities were calculated using IMPUTE2.
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S2 Detailed statistical methods

S2.1 GWAS meta-analysis methods

Nevus GWAS meta-analysis

The assessment of nevus counts varies considerably between the 11 studies in three respects:
(a) nevus counts vs. density ratings; (b) whole body vs. only certain body parts; (c) all moles
(>0 mm diameter) or only moles greater than 2 mm, or 3 mm, or 5 mm. These differences
could contribute considerable heterogeneity of phenotypes to our analyses, so we have done
considerable preliminary work to convince ourselves that all assessments are measuring the
same biological dimension of “moliness”. Results of these analyses are found in Fig. S3.3-1.

Given this, we combined results from each study as regression coefficients and associated
standard errors in standard fixed and random effects meta-analyses using the METAL
program®. Manhattan and QQ plots for the nevus GWAS meta-analysis (GWASMA) is
shown in Fig. S3.1-1 and for each of the contributing studies in Figs. S3.1-2—11. Results and
plots for the regions of 12 top individual SNP associations were plotted using the R rmeta
and meta packages (https://CRAN.R-project.org/package=rmeta; https://CRAN.R-
project.org/package=meta) and Forest plots for these are shown in Figs. S5.1-1-11.

To declare a locus as genome-wide significant we have chosen the fixed-effects meta-analysis
association P-value for SNPs when the P value for study homogeneity test Po > 0.05, and
selected the conventional random effects mean effect P value when Py < 0.05. It is well
known that the conventional random effects test is less powerful in the presence of between-
study heterogeneity,”°so for fine mapping in regional association plots etc, we present the
fixed-effects P values, even when heterogeneity is present.

We perfomed a REML-based meta-regression for the 21 most significant nevus-associated
regions from Table 2 (main text) using the R metafor package®™. The included covariates
were mean age of participants for that study, mean absolute latitude for the location of the
study, and study nevus measurement method (categorised as “partial body count”, “total body

count”, “ordinal score”).

In the case of extremely significant between-study heterogeneity, most notably rs12203592 in
IRF4, we would strongly argue against intepreting an across-studies mean effect of this SNP
of zero as being evidence that this locus is not truly associated to nevus count and melanoma
risk. In a population genetic context, if there is statistically significant evidence of
differences between populations in strength of association, then we have detected a real
biological phenomenon, providing we can exclude methodological artefact as the cause. In
this case the appropriate null hypothesis is no association within any subgroup.”*”® To this
way of thinking, the detection of marked heterogeneity for /RF4 gives strong support for
association of rs12203592 genotype with nevus count in some but not all populations.

Given that many of the nevus-associated loci are involved in pigmentation, it is not surprising
these exhibit between-population differences in association — both allele frequency and
linkage disequilibrium pattern differences can lead to this, quite aside from gene by
environment interaction.
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Han and Eskin® suggested an alternative random effects test, as implemented in the
METASOFT package (http://genetics.cs.ucla.edu/meta/), which tests the composite
hypothesis that the mean effect and heterogeneity are zero. The Han and Eskin P-values
are compared to those from other approaches in Table S3.2.2 below. In most cases, the
Han and Eskin test agrees with the conventional fixed effects analysis P, except for
rs12203592, where it is much more significant.

Melanoma GWAS meta-analysis

We combined the results from the nevus meta-analysis above with results from Stage 1 of a
recently published meta-analysis of cutaneous malignant melanoma (CMM)®. Stage 1 of the
CMM study consisted of 11 GWAS data sets totalling 12,874 cases and 23,203 controls from
Europe, Australia and the United States; this stage included all six published CMM GWAS
and five unpublished ones. We do not utilize the results of stage 2 of that study, where a
further 3,116 CMM cases and 3,206 controls from three additional data sets were genotyped
for the most significantly associated SNP from each region, reaching P < 10 in stage 1. As a
result, certain melanoma association peaks are not genome-wide significant in their own right
in the present bivariate analyses. Further details of these studies can be found in the
Supplementary Note to Law et al."

Meta-analysis of nevus GWAS meta-analysis and melanoma GWAS meta-analysis
Combination of the nevus and melanoma P-values was performed using the Stouffer method.
We weighted the P-values using the square root of the sample sizes for nevi and melanoma.
Generally, the fixed effects P-value was used unless the Cochran Q heterogeneity P-value
was below 0.05, uncorrected for multiple testing. We also estimated a ¢ value?’ for the
combined association P values using the R gvalue package
(https://bioconductor.org/packages/release/bioc/html/qvalue.html ). A Manhattan plot for the
combined nevus GWASMA plus melanoma GWASMA is shown in Fig. S3.3-2.

S2.2 Gene-based tests using VEGAS and PASCAL

We applied the VEGAS program® to our combined nevus-melanoma meta-analytic P values
to test for gene association to our traits. We used 1,000,000 iterations to generate empirical P
values for each gene, and regarded the usual Bonferroni-corrected critical threshold of 3x10°
as genome-wide significant. We also estimated ¢ values and local FDRs (1fdr) for the gene
based P values29-32 using the R gvalue package
(https://bioconductor.org/packages/release/bioc/html/qvalue.html). The local FDR is an
estimate of the probability one will falsely declare a locus significant if this level P value is
used as the critical threshold in a test of statistical significance. It is estimated by fitting a 2-
distribution mixture to the P values, most of which are taken as being samples from the
unassociated gene set.

The PASCAL program® has very similar functionality to VEGAS, but calculates gene-based
P values using an analytic approach. It also extends this to pathway-based analysis.

S2.3 Estimating SNP heritability (h’s) and r, using bivariate REML, GCTA analyses and
LD score regression

We have performed multiple supplementary univariate and multivariate REML analyses of
those studies where there are nevi counts carried out by trained observers (Australian BTNS
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and TwinsUK). For one sub-analysis, we have also analyzed melanoma and self-rated nevus
count in Australian case families, combining these with control pedigrees from the BTNS to
contrast the estimates of the genetic correlation between these traits as estimated by the LD
score regression approach.

82.3.1 GCTA and LDAK heritability analysis of BTNS and TwinsUK (classical twin
analysis, partitioning by chromosome)

We used GCTA to estimate the SNP heritability (h%) in the combined BTNS plus TwinsUK
sample, given that nevi were counted using the same standardised protocol. This was done in
two ways: first, including all subjects regardless of relatedness (n = 5,608); and second, and
more conventionally, using only one subject per family (n = 2,863) to preclude confounding
of results by close relatives. Contributions by chromosome were also assessed.

For some analyses (see Section S3.4.2), we also used the LDAK 5.0 program.® This allowed
us to calculate LD-adjusted weights for the empirical kinship matrices. We also estimated
contributions of sets of our peak associated regions as an additional region kinship matrix
within the same mixed model framework.

82.3.2 Bivariate heritability analysis of melanoma and nevus count

We also performed analyses examining the overall architecture of the relationship between
nevus count and melanoma risk. First, a bivariate REML analysis using the GCTA package
of a melanoma Queensland case-control family-based sample36 that overlaps one study used
by Law and coworkers; there were 5,210 individuals from 3,520 melanoma case and control
families, including 1,137 melanoma cases, and nevus assessment was a 4-point self-rating
questionnaire item. We compared these results to those of a bivariate LD score regression
analysis of summary results from the entire nevus and melanoma meta-analyses

(https://github.com/bulik/ldsc).
S2.4 GCTA conditional and joint analysis

The GCTA package provides an approximate conditional and joint association analysis that
can use summary-level statistics from a meta-analysis of GWAS and estimated linkage dise-
quilibrium (LD) from a reference sample with individual-level genotype data. We have per-
formed two analyses using the QIMR adolescent twin sample as our reference population.
The first is a stepwise model selection procedure selecting independently associated SNPs "--
cojo-slct --cojo-p 5e-8 --maf 0.01 --cojo-actual-geno"), obtaining 8 SNPs. The second was a
joint analysis of these top SNPs estimating the genetic variance explained.
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S2.5 Bivariate analysis using GWAS-PW

Pickrell et al.”” recently described an interesting extension of the approach of Giambartolomei
et al.* to the combination of summary results from individual trait GWAS in a Bayesian
bivariate analysis that can examine the genetic relationship between the traits. We used their
program, GWAS-PW, on the meta-analysis results from nevus count (the present study),
melanoma", telomere length®, and a GWAS of pigmentation as measured by hair darkness
using the BTNS twins (hair color as self-reported on a 5-point scale). The genome was
segmented into approximately independent LD blocks (European 1000 Genomes
populations) using the file provided by Pickrell et al.”’. The program tests the hypothesis that
each region contains either: (a) no associated trait loci; (b) one measured locus associated
with the first trait; (c) one measured locus associated with the second trait; (d) one locus
associated with both traits; (e) two loci, each associated with one trait. The analysis provides
posterior probabilities for each of these hypotheses for each region. It also provides similar
statistics for each SNP within the region. The latter results were sometimes surprising for our
data, in that the SNP with the smallest observed individual P values often had very low
posterior probabilities supporting the hypothesis that it was associated. As a result, we have
relied in almost all cases on the binned analyses.

To summarize the results for this analysis, we have plotted the posterior probabilities for the
four hypotheses (b)-(e) (Fig. S3.6-1).

In the case of the telomere length GWAS results, we have imputed the association Z values
up to the same SNP density as the nevus and melanoma GWAS using the DISTmix pack-
age40, and interpolating for the necessary variances (Fig. S3.6-2a—c).

S2.6 Pathway analysis

We assessed contributions of entire pathways by estimating a genomic relationship matrix
(GRM) for all SNPs within the genes making up the pathway as indicated either by gene
product function or GWAS result. For example, the telomere length maintenance pathway
GRM included SNPS from ACYP2, ASCC2, CSNK2A2, CTCI1, DKK2, NAF1, OBFCl,
RTEL1, SYT16, TERC, TERT, TMPRSS7,TRDMT1, ZNF208. Mixed model analysis was
undertaken using the entire Australian twin samples including both pedigree-based and
genomic GRMs and a shared family environment correlation matrix, along with the candidate
pathway GRM, using LDAK 5.0 (as we encountered a few numerical problems using the
GCTA package).

S2.7 Bioinformatic methods

Multiple methods were used to annotate trait associated SNPs. HaploReg Version 4.1* was
used to obtain summary functional data for individual SNPs. The Roadmap Epigenomics
dataset were mined for locus annotations for our SNPs and genes for skin related cell types:
melanocytes, skin keratinocytes and fibroblasts. We also assessed all candidate SNPs for
evidence that they were co-localized and affected the function of regulatory elements, or were
known eQTLs. Specifically, we tested co-localization of candidate SNPs with melanocyte
H3K27Ac sites (http://www.roadmapepigenomics.org/), MITF and SOX10 binding sites, Hi-
C, FANTOMS, PRESTIGE42 (Table S2.7-1).
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Table S2.7-1. Annotation sources as used in S5.4.

Name Description
GSM958157 UCSF-UBC Penis Foreskin Melanocyte Primary Cell H3K27ac
GSM1517751 MITF melanocyte CHIP-Seq
GSES0681 MITF melanocyte CHIP-Seq
GSM1517752 SOX10 melanocyte CHIP-Seq
Chromatin 25-state segmentation for foreskin melanocytes from
UCSC track of Roadmap the Roadmap Consortium, based on ChIP-seq data for

chromatin HMM results

H3K27me3, H3K36me3, H3K4mel, H3K4me3, H3K9ac,
H3K9me3 H3K27ac

SKIN CHROMATIN ACCESS

Multiple skin cell types

SKIN CHROMATIN ACCESS

Multiple skin cell types

SKIN HISTONE signals

Multiple skin cell types

SKIN TF signals

Multiple skin cell types

IM-PET SKIN enhancers

Multiple skin cell types

PreSTIGE SKIN enhancers

Multiple skin cell types

FANTOMS5 SKIN interactions

Multiple skin cell types

isHi-C SKIN interactions

Multiple skin cell types
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S3 Detailed meta-analysis results
S3.1 Manhattan and quantile-quantile plots of nevus GWAS for each study

Figure S3.1-1. Manhattan and QQ plots for ALSPAC nevus analysis

(n=3,309).
10 4

ALSPAC sample (N=3309) : ‘ ‘ ‘ : : ‘ L
0% ] : ] ] ] : : ] L
e
o I .
d 15100082832 : : : : : : : : : :
107" 1 (FCRL3) | : | | | : : | P
4 5 6 7 ) 9 10 11 12 13 14

15 1o 17 18 19202122

Chrl 2 3
ALSPAC sample (N=3309)
o - s
y
Fd
=}
rs190982832
(FCRL3) o0

gl
=
&
K-
| -+ —
s
:
L]
&
v

o L o=1.024

SMNP N = 29826096
o -
T I
0 2 4 B ]

Expected —logyalp)

19



Supplement to Duffy et al: Novel pleiotropic risk loci for melanoma and nevus count

Figure S3.1-2. Manhattan and QQ plots for Harvard nevus meta-analysis
(n=15,952).
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Figure S3.1-3. Manhattan and QQ plots for Leeds nevus analysis (n = 397).
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Figure S3.1-4. Manhattan and QQ plots for QIMR nevus analysis: Adolescent twins (n =

3261)
° QIMR-BINS s@p le (N=3261) ;1-512203592 :
10670 ! : : (IRF4) ‘ : : :
107 ; | P |
1020 | | |
10 3 1 P :
10719
sx10" i e } o }
10° 13 8 b o ]
’ ' “ i ‘
2 3 4 5 [§] 1 8 9 10 11 12 13 14 15 16 17 18 19202122 X
QIMR-BTNS sample (N=3261)
@
rs12203592
B (IRF4) //
P
vl
Fd
i
//’
=3 I
P
- 3
o
P
s rd
a " 4
5 8 P
0 i
i o
o rd
7
ﬁ 7 & b
Ve
a Vs
- 1 _
e ¥ Ao =1.013
§ S SNP N = 4548432
o | ¥
3 #
o
I | | | I |
0 10 20 30 40 50

Expected —logyalp)

22




Supplement to Duffy et al: Novel pleiotropic risk loci for melanoma and nevus count

Figure S3.1-5. Manhattan and QQ plots for QIMR nevus analysis: Parents of twins (n
=2,248).

0 1 QIMR-Parents sample (N=2248)

| 19:13240944
LMACED) |

&
Chr Ll 2 3 4 3 5] T 8 9 10 L1 12 13 14 15 16 17 18 19202122 X
QIMR-Parents sample (N=2248)
| /
rd
4
’ i
-
19:13240944
(NACCT)

o
=
&
o
| ke
=
:
[1E]
A
(e

RS A =0.9999

SNP N =8115140
o
I | | I
0 2 4 & 8

Expected —logyalp)

23



Supplement to Duffy et al: Novel pleiotropic risk loci for melanoma and nevus count

Figure S3.1-6. Manhattan and QQ plots for QIMR nevus analysis: Adult twins (n = 1,848).
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Figure S3.1-7. Manhattan and QQ plots for QIMR nevus analysis: Older twins (n = 893).
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Figure S3.1-8. Manhattan and QQ plots for nevus analysis: Raine Eye Health Study (n =
808)
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Figure S3.1-9. Manhattan and QQ plots for nevus analysis in Rotterdam Study (n = 3,319).
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Figure S3.1-10. Manhattan and QQ plots for QIMR nevus analysis: Twins Eyes Study in
Tasmanian (n = 136).
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Figure S3.1-11. Manhattan and QQ plots for nevus analysis: TwinsUK
(n=3,312).

107 1 TwinsUK sample (N=3312)
1079 4

107° ! ! | 157027989
s ‘ ‘ : : | (MTAP)

Ta: g 4 ‘ : ] 1 1 0.
) " I
5 6 7 8 10 11 1

Chr 1 2 3 4
TwinsUK sample (N=3312)

2

(=T L+ ] /
- rsT027989 i
(MTAP) @cou'n
o~
o
P
o /
.
-
P

g o~
=
§ -
|
o
=
i
=
8]

<+ -

ho=0.974
SMNP M =5287757
o
o
I | | T |
o 2 4 & 8 10

Expected —logyalp)

29




Supplement to Duffy et al: Novel pleiotropic risk loci for melanoma and nevus count

S3.2 Nevus GWAS meta-analysis

As described earlier, we combined results from each study as regression coefficients and
associated standard errors in standard fixed and random effects meta-analyses using the
METAL program®®. Manhattan and QQ plots for the nevus GWAS meta-analysis (GWASMA)
are shown in Supplementary Figs. S3.2-1 and S3.2-2. Forest plots for the top associated
SNPs are shown in S5.1. There is significant heterogeneity between studies in strength of
association with nevus count for four hits (Tables S3.2-1, S3.2-2) but also with melanoma,
the most extreme cases being /RF4 (S5.1-4) and PLA2G6 (S5.1-11). Meta-regressions
including age, latituted and nevus counting method as moderators suggest this is largely due
to interactions with age and method in the case of the most extreme SNP, rs12203592 in
IRF4 (Table S3.2-1). Different nevus subtypes predominate at different ages, with the
dermoscopic globular type most common before age 20*. The QIMR and Leeds studies are
the only ones that have adolescents assessed, so enabling detection of this interaction®. The
other epidemiological driver of heterogeneity is intensity of sun exposure, which is obviously
mainly high in the Australian studies and lower in the European ones’. The contribution of
family environment in the twin analyses was twice as high in the low UV environment of
Britain — we would speculate that exposures are uniformly high in the Queensland
environment. A methodological cause of heterogeneity that should affect all loci equally
would be differences in nevus assessment methods, since attenuation leads to downward
biasing of effect estimates; however, the method could covary with other confounders
producing differential errors between loci. The results in Table S3.3.2 demonstrate the
shortcomings of the conventional random effects test of overall association in the presence of
heterogeneity.
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Table S3.2-1. Meta-analysis heterogeneity and meta-regression results for nevus association using the R metafor package. The meta-regression
included mean age in the study, mean absolute latitude and nevus measurement method as moderators. In the meta-regression, I° is the estimated

percentage of sampling variance due to heterogeneity between studies, R*the percentage explained by the moderator variables, and H? the percentage
unexplained residual heterogeneity. Qw P is the P-value from the test for the contribution of moderators, and Qg P, the P-value for the test for residual

heterogeneity.
Random Effects (REML) meta-analysis Meta-regression (covariates: mean age, latitude, nevus measure)
SNP Gene/Interval 7 P Het P > R2 P Q: P Qu P
1572704658 | SETDBI -1.783 7.46E-02 0.696 1.029 0.000 2.774 0.307 0.978
1s2695237 | PARPI -2.902 3.71E-03 0.525 1.000 95.683 0.022 0.251 0.871
rs4670813 CYPIBI -5.001 5.70E-07 0.585 1.231 0.000 18.763 0.402 0.778
155875066 |HDAC4 3.887 1.02E-04 0.203 1.928 0.000 48.135 0.082 0.916
1512696304 | TERC -4.536 5.73E-06 0.719 1.147 0.000 12.795 0.493 0.839
1s251464 PPARGCIB |-3.833 1.26E-04 0.083 2.058 0.000 51.417 0.039 0.833
rs12203592 |IRF4 1.216 2.24E-01 3.35E-51 3.245 79.689 69.187 0.013 7.02E-6
151636744 TCONS 12 0 3.061 2.21E-03 0.684 1.000 0.000 0.000 0.625 0.550
0025686

rs600951 DOCKS 2.590 9.59E-03 5.86E-04 2.775 1.573 63.965 0.009 0.327
rs869329 MTAP 5.490 4.01E-08 1.72E-05 3.950 0.000 74.686 0.001 0.656
rs1484375 9g31.1 3.817 1.35E-04 0.713 1.008 0.000 0.750 0.473 0.793
rs10816595 9q31.2 -4.941 7.79E-07 0.126 1.184 25.898 15.554 0.102 0.482
rs45575338 | FAM208B 4.413 1.02E-05 0.805 1.000 0.000 0.000 0.790 0.562




SNP

Gene/Interval

Random Effects (REML) meta-analysis

Meta-regression (covariates: mean age, latitude, nevus measure)

Z P Het P 1 R I Q:P QuP
rs73008229 | ATM -1.861 6.28E-02 0.073 2.211 0.000 54.775 0.030 0.913
rs1640875 | GPRC54 2.718 6.57E-03 0.015 2.222 0.000 55.001 0.021 0.680
rs7313352 | KITLG -5.760 8.40E-09 4.76E-01 1.160 0.000 13.818 0.223 0.876
rs2357176  |SYNE2 3.410 6.49E-04 3.31E-01 1.655 0.000 39.584 0.099 0.999
rs117648907 | FMNI 4.508 6.54E-06 4.36E-01 0.000 0.000 0.000 0.000 0.000
rs12596638 | FTO 2.468 1.36E-02 3.68E-01 1.000 0.000 0.000 0.257 0.538
1s34466956 | NFIC 2.521 1.17E-02 7.67E-02 3.169 0.000 68.447 0.018 0.984
rs132985 | PLA2G6 -3.961 7.47E-05 4.23E-04  |5.944 0.000 83.176 0.000 0.992
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Table S3.2.2. Comparison of different meta-analysis P-values for top SNPs associated with nevus count. Note that P-values for the Hans
& Eskin random effects model®® are in general more significant for our top loci, notably IRF4, MTAP and DOCK8 where between sample

heterogeneity is highest.

Heterogeneity Tests of association by different methods®
SNP Position (B37) N I*(P-value)  Ipiporp  [Lebrec FEP |HSEREP | REP FE P
studies

rs4670813 (CYP1B1) 2:38317710 |11 0% (0.585) 3.94E-04 |4.42E-04 1.09E-06 5.70E-07 5.70E-07
rs55875066 (HDAC4) 2:240076002 |11 25% (0.203) 1.46E-04 |8.35E-05 1.01E-06 4.30E-05 7.58E-07
rs12696304 (TERC) 3:169481271 |11 0% (0.719) 3.43E-03 |3.67E-03 1.07E-05 5.73E-06 5.73E-06
rs251464 (PPARGC1B) 5:149196234 |11 40% (0.083) 1.55E-05 |1.60E-05 7.08E-07 6.53E-04 4.72E-07
rs12203592 (IRF4) 6:396321 10 97% (3.35E-51) |1.24E-64 |1.52E-66 4.21E-67 3.12E-01 2.54E-18
rs600951 (DOCKS) 9:224742 11 68% (5.86E-04) |3.66E-08 |8.73E-08 1.95E-08 9.86E-03 1.12E-06
rs869329 (MTAP) 9:21804693 |11 75% (1.72E-05) |7.88E-35 |5.80E-35 2.12E-37 1.84E-08 1.11E-34
rs1484375 (9q31.1) 9:109067561 |10 0% (0.713) 2.47E-02 |2.23E-02 2.36E-04 1.35E-04 1.35E-04
rs10816595 (9q31.2) 9:110709735 |11 34% (0.126) 1.14E-06 |1.50E-06 1.94E-08 6.83E-06 1.08E-08
rs45575338 (FAM208B) |10:5784151 |11 0% (0.805) 6.87E-03 |7.47E-03 1.89E-05 1.02E-05 1.02E-05
rs1640875 (GPRC5A) 12:13069524 |11 55% (0.015) 6.30E-05 |3.27E-05 5.72E-06 8.21E-03 2.08E-05
rs7313352 (KITLG) 12:88949124 11 0% (0.476) 7.67E-06 |1.18E-05 1.56E-08 8.40E-09 8.40E-09
rs2357176 (SYNE2) 14:64409313 |11 12% (0.331) 1.10E-02 |8.45E-03 3.43E-04 6.55E-04 1.95E-04
rs117648907 (FMN1) 15:33277710 |4 0% 0.436 1.05E-04 |1.24E-04 9.50E-06 6.52E-06 6.52E-06
rs34466956 (NFIC) 19:3353622 |10 42% (0.077) 1.03E-03 |1.16E-03 3.85E-04 4.06E-02 2.22E-04
rs132985 (PLA2G6) 22:38563471 |11 69% (4.23E-04) |1.96E-16 |9.39E-17 3.06E-18 6.53E-05 7.45E-17

a. FE - Conventional fixed effects; Lebrec FE - Lebrec et al (2010)° fixed effects test incorporating heterogeneity; HE - Han and Eskin
random effects model (2011)%; RE - random effects. Bold type indicates genome-wide significance.
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Figure S3.2-1. Manhattan plot of -log, (P) values from nevus meta-analysis of 11 component studies. Results for each study are shown
separately in S3.1. Bracketed SNP names are for SNPs genotyped in only one study that nevertheless reached genome-wide levels of
significance. These tended to be low frequency indels and had usually failed the QC pipeline in other nevus studies and the melanoma meta-

analysis.
rs935055
gMTAP
107
10
rs4380
e PLA2G6
1 rs12203592 £
=
? [rszl]DlE?TQS{RF4 a
§107%
i
2 :
. rs10521087
L Sy 7313352
791540 cR2ERO424 rsG00esl1 9g31.1 rs
; [rLE#EfErz bAC4 IRF4 pocks | @ KITLG
i E L . (rs2005B6741)
'""'"""'"'"'."'"""'""""'ﬁ""""""""'""""""""."'" """['r's'ﬁ'ﬁi'ié'j"""% R [ iy Uit et B A Ecai G " R (e e TG G as 1 Pemie e i
" . M
-
.D s
10
1 £ 3 £ 5 |3 7 B 3 10 11 12 13 14 5 16 17 18 15 20 22 .
Genamic Lacation
S

34



Supplement to Duffy et al: Novel pleiotropic risk loci for melanoma and nevus count

Figure S3.2-2. Quantile-Quantile plot of -logo (P) values from nevus meta-analysis of 11 component studies. Results for each study are shown
separately in S3.1. The genomic inflation factor A=1.40, standardized genomic inflation factor A;900=1.008.
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S3.3 Meta-analysis of nevus GWAS meta-analysis and melanoma GWAS meta-analysis

8.3.3.1 Plots for combined meta-analysis of the combined nevus GWASMA plus melanoma GWASMA

The Manhattan and Quantile-Quantile plot for the combined nevus GWASMA plus melanoma GWASMA is shown in Supplementary Figs. 3.3-
1 and 3.3-2.
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Figure S3.3-1. Manhattan plot of P values from meta-analysis combining nevus and melanoma results.
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Figure S3.3-2. Quantile-Quantile plot of P values from meta-analysis combining nevus and
melanoma results. Colours of points for the SNP association P values represent chromosome.
Colours been laid down sequentially, so the colour of lesser SNPs from a “more significant”
chromosome are overwritten. The genomic inflation factor A=1.36, standardized genomic
inflation factor Aip0=1.004
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83.3.2 Gene-based tests using VEGAS and PASCAL

The VEGAS and PASCAL programs®* were applied to our combined nevus-melanoma
meta-analytic P values to test for gene association to our traits. We used 1,000,000 iterations
to generate empirical P values for each gene, and regarded the usual Bonferroni-corrected
critical threshold of 3x10° as genome-wide significant. We also estimated ¢ values and local
FDRs (Ifdr) for the gene based P-values®~* using the R gvalue package
(https://bioconductor.org/packages/release/bioc/html/gvalue.html). The local FDR is an
estimate of the probability one will falsely declare a locus significant if this level P value is
used as the critical threshold in a test of statistical significance. It is estimated by fitting a 2-
distribution mixture to the P values; most of which are taken as being samples from the un-
associated gene set.

Figure S3.3-3. Gene-based tests for nevus meta-analysis.

o8 & ] ' . : *e O . §
Lretw e 8 ¢+ Y A % : AT IS Oon
o A Lo e T v M s, g ' s . od
o T T T T T T T T T T ] T T
1 2 3 4 5 1 r } 8

a 1o 11 12 13 14 15 17 19 21 23

~logialp)

Chromosome

39



Duffy et al: Novel pleiotropic risk loci for melanoma and nevus count

Figure S3.3-4. Q-Q plot for a gene-based VEGAS 2 analysis of nevus meta-analysis data.
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Table S3.3-1. Most significantly associated genes from the PASCAL gene-based analysis.

Chromosome |Gene start Gene end Gene symbol |Number of |P value
SNPs

chrl 2572806 2706230 TTC34 191 8.68E-05
chr2 38294745 38303323 CYPI1BI 284 4.11E-05
chr2 43864438 43995126 PLEKHH?2 644 2.02E-05
chr2 44001177 44037149 DYNC2LI1 350 3.01E-05
chr2 239969863 240323346 |HDAC4 1182 1.03E-05
chr2 240115026  |240117153 MGC16025 309 5.97E-06
chr3 169482397 169482848 | TERC 84 6.05E-05
chr3 169484710 169487683 | ACTRT3 88 5.00E-05
chr3 169490852 169507504 | MYNN 110 2.30E-05
chr3 169511215 169530574  |LRRC34 134 1.85E-05
chr3 169539709 169555560  |LRRIQ4 149 2.85E-05
chr9 121037 179075 CBWDI1 123 1.33E-05
chr9 213107 215893 C9orf66 272 9.90E-06
chr9 21802634 22029593 MTAP 557 1.00E-12
chr9 21967137 21967753 C9orf53 113 1.58E-09
chr9 21967750 21994490 CDKN2A 170 8.91E-08
chr9 21994789 22121093 CDKN2B-AS1 (386 1.83E-06
chr9 22002901 22009312 CDKN2B 164 3.48E-06
chr9 129376721 129463311 LMXIB 453 4.90E-05
chr10 5680819 5708558 ASB13 446 1.36E-06
chr10 5726800 5805703 FAM208B 361 5.76E-06
chrl2 13028410 13029070 RPLI3AP20 |265 2.18E-05
chrl2 13043955 13066600 GPRCSA 301 1.27E-06
chrl2 13068762 13068852 MIR614 244 6.63E-07
chrl2 13093708 13103318 GPRC5D 236 2.38E-06
chrl2 88886569 88974250 KITLG 254 2.31E-06
chr14 64319682 64693167 SYNE2 806 8.93E-05
chr19 29456037 29460055 LINC00906 163 6.96E-05
chr22 38453261 38471708 PICK1 167 1.67E-05
chr22 38474143 38479170 SLC16A8 166 2.28E-06
chr22 38480895 38506676 BAIAP2L2 239 4.67E-10
chr22 38507501 38577836 PLA2G6 385 1.00E-12
chr22 38597938 38612517 MAFF 277 1.00E-12
chr22 38615297 38669040 TMEM184B 311 1.00E-12
chr22 38686696 38794527 CSNKI1E 301 2.65E-06
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Table S3.3-2. PASCAL top results for pathway-based analysis (10° iterations)

Name ¥ P Empirical P g value local FDR
KEGG GNRH SIGNALING 1.63E-05 |4.09E-05 1.82E-02 1.79E-02
PATHWAY

KEGG FC EPSILON RI 1.90E-04 |1.48E-04 2.24E-02 2.50E-02
SIGNALING PATHWAY

KEGG VASCULAR SMOOTH 2.81E-04 |1.90E-04 2.24E-02 2.71E-02
MUSCLE CONTRACTION

KEGG ALPHA LINOLENIC ACID |7.80E-04 |2.01E-04 2.24E-02 2.76E-02
METABOLISM

KEGG MELANOMA 6.03E-05 |4.28E-04 3.53E-02 3.67E-02
KEGG LONG TERM 2.97E-03  |7.00E-04 3.53E-02 4.61E-02
DEPRESSION

KEGG CYSTEINE AND 2.41E-03 |7.50E-04 3.53E-02 4.78E-02
METHIONINE METABOLISM

REACTOME SULFUR AMINO  |4.75E-03 | 8.80E-04 3.53E-02 5.18E-02
ACID METABOLISM

BIOCARTA ARENRF2 PATHWAY |8.59E-03 |9.20E-04 3.53E-02 5.30E-02
KEGG VEGF SIGNALING 6.36E-03  |1.04E-03 3.53E-02 5.65E-02
PATHWAY

KEGG FC GAMMA R MEDIATED |4.16E-03 | 1.07E-03 3.53E-02 5.73E-02
PHAGOCYTOSIS

REACTOME METABOLISM OF |6.80E-03 |1.07E-03 3.53E-02 5.73E-02
POLYAMINES

REACTOME ACYL CHAIN 1.62E-02 |1.13E-03 3.53E-02 5.90E-02
REMODELLING OF PC

KEGG CHRONIC MYELOID 3.59E-04 |1.18E-03 3.53E-02 6.03E-02
LEUKEMIA

KEGG LINOLEIC ACID 1.47E-02 |1.19E-03 3.53E-02 6.06E-02
METABOLISM

REACTOME HEMOSTASIS 2.70E-03 |1.35E-03 3.61E-02 6.46E-02
REACTOME ACYL CHAIN 1.97E-02 |1.40E-03 3.61E-02 6.58E-02
REMODELLING OF PE

KEGG MAPK SIGNALING 3.54E-03 |1.46E-03 3.61E-02 6.72E-02
PATHWAY

REACTOME FACTORS 1.03E-02 |1.77E-03 4.07E-02 0.00E+00
INVOLVED IN

MEGAKARYOCYTE

DEVELOPMENT AND PLATELET

PRODUCTION

KEGG NON SMALL CELL LUNG |5.40E-04 |1.83E-03 4.07E-02 7.49E-02
CANCER

KEGG BLADDER CANCER 3.71E-04 |1.97E-03 4.17E-02 7.74E-02
BIOCARTA MCM PATHWAY 1.12E-04 |2.90E-03 5.87E-02 8.98E-02
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S3.4 Univariate and bivariate variance components analyses of nevus count and
melanoma

83.4.1 GCTA heritability analysis of BTNS and TwinsUK (classical twin analysis,
partitioning by chromosome)

We used GCTA* to estimate the SNP heritability (h%) in the combined BTNS plus TwinsUK
sample, given that nevi were counted using the same standardized protocol. We did this in
two ways, first including all subjects regardless of relatedness (n = 5,608), and second, and
more conventionally, using only one subject per family (n = 2,863) to preclude confounding
of results by close relatives. The first analysis in many senses just recapitulates the standard
variance components analysis of twin data with its high statistical power arising from the
large magnitude of the empirical kinship coefficients but with the added advantage that it
partitions total twin heritability by chromosome. Since it is essentially the classical twin
method, we may also include a variance component for shared family environment (C). It
should be noted that this analysis will, with equal power, detect effects of both common and
unmeasured rare variants. In contrast, the one per family analysis is only powered to detect
common variants tagged by the genotyping array. We can, in principle, therefore compare the
individual chromosome h*; estimates under the two methods to infer the relative genomic
distributions of common and rare variants. In practice, standard errors may be too large to
make this a useful comparison with current power constraints (sample size, chip design).
Table S3.4-1 shows, for the combined BTNS plus TwinsUK sample, the “all subjects”
genetic component G, which is equivalent h’y:, = 58%, while C =34.2% and E = 7.8%
(unique environment, which includes measurement error). (The smaller estimate for G, and
correspondingly larger estimate for C in the UK sample may be due to a much more
dispersed age structure of the UK sample (18—-80) compared to the Oz sample (9—23).) The
“one per family” GCTA analysis of the combines sample estimates h* = 29.4%, which is
about half our h%y:, = 58%. This ratio (from which the “missing heritability” is often invoked)
is an almost ubiquitous finding from current GWAS results for many complex traits, and is
almost certainly due to imperfect tagging of variants with the chips employed.

The contributions by chromosome to trait genetic variance were also assessed. Every
autosome contributed some variance, but the largest single contribution was from one-sixth
of chromosome 9 (Table S3.4-2). We can, in principle, compare the individual chromosome
h’ estimates from pedigree-based and SNP regressions to infer the relative genomic
distributions of common and rare variants. In practice, standard errors may be too large to
make this a useful comparison with current power constraints (sample size, chip design).
Given that the entire chromosomal contribution of chr 9 in the twin analysis is close to that of
the individual top SNPs at MTAP and 9q32.1 suggests that the responsible variants are well
captured by the chip. A more complex case is for chr6 where we see sizable contributions for
Australia but negligible ones for the UK. We have previously shown the effects of the /RF'4
locus on 6pter are large in the young BTNS sample but absent in the older TwinsUK sample,
and this is reflected in the Forest plot [Supplementary Fig. 5.1-4]. Another interesting
pattern (albeit not significant) is on chr12 where we see h’c (using all family members) =
3.3% versus 0.0% for 1 per family. Were these differences significant we might infer that
most variation on this chromosome is rare rather than common and tagged by SNPs. The fact
that no differences are strikingly great or significant is supporting evidence that polygenic
effects are small and distributed across the genome in proportion to chromosome length.

43



Duffy et al: Novel pleiotropic risk loci for melanoma and nevus count

Table S3.4-1 Genome-wide complex trait analysis (GCTA) estimates of the variance ex-
plained by all autosomal SNPs for nevus count for TwinUK, QIMR and a combined sample
(using all family members or only unrelateds (1/family)).

Sample Model Var% Var%se | LRT df AIC
TwinUK G* 47.0 4.6 -1681.7 | 3312 -8305.7
CP 37.9 3.5
E 15.1
QIMR G 79.7 4.2 1.1 2296 -4590.9
C 14.3 4.2
E 6.0
Combined G 58.0 2.5 -1905.6 | 5608 -13121.6
(all cases) C 34.2 2.3
E 7.8
(one/family) | G 29.4 9.9 -1533.6 | 2823 -7179.6
E 70.6
* Estimates of the variance explained by all autosomal SNPs;
> Common (shared) environment.
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Table S3.4-2. Genome-wide complex trait analysis (GCTA) estimates of the variance ex-
plained by all autosomal SNPs for nevus count for all family members in TwinsUK and
QIMR, and in the combined sample using both all family members and one/family.

Chr. L.(Mb)* | TwinUK QIMR All cases One/family
(old) (young)

% h | % % he | % %he | % % he | %
SE SE SE SE
1 247.2 9.3 26 |5.0 39 |74 1.6 |3.6 3.0
2 242.7 4.5 2.4 13.1 |42 |64 1.5 |47 3.1
3 199.4 2.1 20 (23 34 |25 1.2 (0.0 2.3
4 191.3 1.1 1.9 0.0 33 1.9 1.2 103 2.5
5 180.8 5.4 2.1 3.4 3.3 5.3 1.3 6.2 2.7
6 170.9 0.0 19 |5.0 3.3 1.0 1.1 0.0 2.5
7 158.7 3.5 20 2.8 32 |29 1.2 (0.0 2.4
8 146.2 1.4 1.8 1.9 30 |25 1.2 0.2 2.1
9 140.2 7.6 2.0 10.8 |34 [9.2 14 |88 2.6
10 135.3 2.8 2.0 1.6 30 |25 1.2 0.6 2.2
11 134.4 3.2 1.9 0.0 2.7 2.8 1.1 2.1 2.3
12 132.3 33 20 |56 32 |33 1.2 ]0.0 2.3
13 96.2 0.0 1.6 ]0.0 2.5 1.0 1.0 0.0 2.1
14 88.3 0.0 14 |29 25 108 09 10.0 1.6
15 82.1 1.9 1.6 |08 25 (22 1.0 |0.1 1.9
16 88.8 0.5 1.5 |29 26 |08 0.9 1.5 2.0
17 78.6 0.9 1.3 5.7 26 2.0 09 0.8 1.6
18 76.1 0.0 14 |53 2.7 1.1 09 105 1.9
19 63.8 0.0 1.2 |3.1 23 103 0.7 10.0 1.6
20 62.4 0.0 1.5 |23 24 102 0.8 10.0 1.7
21 37.2 0.4 1.2 0.0 19 109 0.7 10.0 1.4
22 35.1 0.6 1.1 53 2.2 1.2 0.7 1.4 1.4
Total % | G 485 | 1.7 795 |29 |579 1.1 30.8 | 2.1

variation | C 37.0 [3.5 14.6 |4.1 344 |23 |- -

E 14.5 5.9 7.8 69.2
Sample n 3,312 2,296 5,608 2,823

L.: chromosome length, which is defined as the distance between the first and the last SNPs
on each chromosome; "Common (shared) environment.
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83.4.2 Variance components based estimates of contributions of genes and gene sets to
variation in total nevus count.

Using the same BTNS adolescent and Twins UK twins, we estimated the proportional
contribution of the most strongly associated loci, as well as total contribution from loci in
pathways implicated by the SNP association analysis. We carried this out using the LDAK
5.0 program with the complete twin families, adjusting for age, body surface area. The
contribution of the top associated SNPs was represented by the empirical kinship matrix
based on 1000 SNPs covering the regions of the loci in the bivariate melanoma and nevus
count analysis (all SNPs in our associated regions with an combined association P value less
than 107; a list of these SNPs is in the attached spreadsheet). Genomic effects are represented
by the (overall) pedigree-based kinships. In this analysis, again a significant effect of family
environment (Table S3.4-3) was detectable in the older UK sample. The contributions of our
chosen genomic regions to the total genetic variance were 12% in the UK twin families, and
25% in the Australian twin families.

Table S3.4-3. Variance of log transformed total nevus count in 3,262 BTNS adolescent twins
and 3,312 adult TwinsUK twins explained by different sources in a random effects REML
analysis (GCTA and LDAKS.0). Due to the relatively small sample size, estimates from these
models will be slightly unstable.

Sample Locus or region |N Pedigree Family Regional |Log
NRM environment likelihood

Twins UK |- 3,312 10.49 (0.05) ]0.37(0.04) |- -2210.1

All candidates 0.42 (0.04) ]0.37(0.04) [0.06 (0.01) |-2170.1
BTNS - 3,262 10.87(0.04) ]0.13(0.04) |- -3707.7

All candidates 0.76 (0.10) 10.08 (0.04) |0.17(0.02) |-3629.9

IRF4 0.09

MTAP 0.03

PLA2G6 0.005

GPCRS5A 0.0003

TERC 0.0001

Other telomere 0.008

Immune related* 0.0

* kinship based on 1,644 SNPs in known genes for Type 1 diabetes, psoriasis, anklyosing
spondylitis, inflammatory bowel disease, coeliac disease, systemic lupus erythematosis —
including SNPs in CTLA4 and PTPN22.
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83.4.3 Bivariate heritability analysis of melanoma and nevus count

We have also performed analyses examining the overall architecture of the relationship
between nevus count and melanoma risk in the QMEGA family study of melanoma’. First
we performed a bivariate REML analysis in the GCTA package; there were 5,210 individuals
from 3,520 case and control families in the analysis, including 1,137 melanoma cases; nevus
assessment was a 4-point self-rating.

We also carried out bivariate LD score regression analysis of the nevus and melanoma meta-
analyses (https:/github.com/bulik/Idsc). For melanoma, the family-based GCTA and total
dataset LD score analyses gave somewhat different point heritability estimates of 0.59 (0.22)
and 0.16 (0.03) respectively. The latter may be closer to the SNP heritability h* and is
consistent with the h% estimate of 19.2% due to significant SNPs in the Law et al meta-
analysis™, while the former estimate is consistent with the value for melanoma age of onset
of 0.45 (0.05) obtained using a more elaborate method on an overlapping data-set™.

Both analyses badly underestimated the h* of nevus count at 0.07 (0.04) and 0.03 (0.01)
respectively. This is probably because of the coarse nevus measure in the family study and
the genetic architecture for the LD score analysis (the original authors note that the method
does not seem to “work” for some phenotypes, including perhaps melanoma, as above). In
both analyses, however, the 7, is high at 0.68 (0.40) and 0.66 (0.14), albeit with large SE for
the pedigree estimate. We interpret this as reflecting the strong genetic causation of nevus
number along with a direct phenotypic causal pathway to melanoma, that is, the genes we
have found for nevus number act via different pathways but will all affect melanoma risk. In
all examples, the nevus number increasing alleles we have found also proportionately
increase risk of melanoma. On the other hand, the converse is not always true — there are
some melanoma loci that do not increase nevus count. This is in keeping with the notion that
nevus number is the final common pathway to melanoma risk for all these heterogeneous
nevus risk pathways.
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S3.5 Results of GCTA conditional and joint analysis

The GCTA package provides an approximate conditional and joint association analysis that
can use summary-level statistics from a meta-analysis of GWAS and estimated linkage dise-
quilibrium (LD) from a reference sample with individual-level genotype data. We have per-
formed two analyses using the QIMR adolescent twin sample as our reference population.
The first is a stepwise model selection procedure selecting independently associated SNPs "--
cojo-slct --cojo-p Se-8 --maf 0.01 --cojo-actual-geno"), obtaining 8 SNPs (Table S3.5-1).

Table S3.5-1. Top 8 SNPs from GCTA stepwise model selection.

Chr | SNP BP refA | Freq Betaw se P Betaagjusted
1 rs2305814 150958977 | A 0.588 [ 0.03 0.03 2.66e-01 0.03

2 rs1056836 38298203 | G 0.574 | -0.05 0.03 8.91e-02 -0.05

5 rs251468 149194485 | G 0.768 | 0.12 0.04 5.39¢-04 0.12

6 rs12203592 | 396321 G 0.766 | -0.44 0.04 4.65e-35 -0.44

8 rs1481853 72871111 A 0.648 | 0.06 0.32 4.94e-02 0.06

9 rs4636294 21747803 | A 0.487 |0.20 0.03 2.45e-11 0.20

21 rs45430 42746081 | A 0.602 | -0.08 0.03 5.08e-03 -0.08

22 | rs132985 38563471 | G 0.530 | 0.09 0.03 3.33e-03 0.09

The second was a joint analysis of the top SNPs from the bivariate melanoma and nevus anal-
ysis estimating the multivariate mutually adjusted contributions from each SNP (see Table

S3.5-2). Comparison of the univariate and multivariate adjusted betas (6th and 11th columns
of Table S3.5-2) reveals negligible changes in magnitude.
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Table S3.5-2. Results from conjoint stepwise SNP regression of nevus count in the GCTA package. GCTA offers a method to impute association
results from un-genotyped SNPs from meta-analysis summary statistics which can then be tested in a traditional stepwise fashion to identify a set
of independent predictors.

Original (SNP-by-SNP) results

Joint Analysis Results

Chr SNP bp refA freq Beta se P n freq_geno Beta be P LD r
1 rs12037785 86202102 A 0.89 0.13 0.03 0.00001512 4946 0.12 0.13 0.03 3.1E-05 0

1 1575717346 113788451 T 0.95 0.18 0.04 0.0000181 4854 0.05 0.18 0.04 3.7E-05 0

1 178539422 201938061 G 0.93 -0.16 0.03 0.0000013 6199 0.08 -0.16 0.03 3.3E-06 -0.01
1 rs$79308803 209205951 T 0.99 0.40 0.08 8.077E-07 11125 0.01 0.40 0.08 2E-06 0

2 15144585916 53470669 A 0.99 0.36 0.08 0.000001503 5509 0.02 0.36 0.08 3.1E-06 0

2 rs12993387 72065860 T 0.97 0.22 0.05 0.00002349 6161 0.03 0.22 0.05 3.3E-05 -0.02
2 5283819 79227243 A 0.74 0.09 0.02 0.000008766 5711 0.24 0.09 0.02 1.4E-05 0

2 1517753263 79298128 C 0.80 0.10 0.02 0.00002006 5489 0.19 0.09 0.02 4.3E-05 0

2 rs13386910 159674622 C 0.67 0.08 0.02 0.00001086 6140 0.30 0.08 0.02 3.1E-05 0

2 rs13423228 159687255 A 0.67 0.08 0.02 0.000005132 6217 0.34 0.08 0.02 1.5E-05 0

3 rs73204395 194779617 T 0.94 0.15 0.03 0.000004131 6457 0.06 0.15 0.03 8.5E-06 0

4 173126555 27208505 T 0.97 0.29 0.07 0.00001612 2961 0.01 0.29 0.07 3.4E-05 0

4 rs28377569 41607468 A 0.90 0.16 0.04 0.000002917 4209 0.09 0.16 0.04 6.1E-06 0

4 15765026 66600319 C 0.82 0.10 0.02 0.00001223 5484 0.21 0.10 0.02 2.5E-05 0

4 rs2079135 106005985 G 0.59 0.08 0.02 0.00000396 6131 0.39 0.08 0.02 8.2E-06 0

5 rs702621 53227974 C 0.90 0.15 0.03 0.00001233 4200 0.08 0.15 0.03 2.6E-05 0

6 1s79525607 170832871 T 0.96 0.23 0.05 0.000004612 4472 0.03 0.23 0.05 9.6E-06 0

7 rs139924573 8432669 A 0.98 0.23 0.06 0.00002217 9369 0.02 0.23 0.06 4.5E-05 0

8 157251745 99305634 G 0.96 0.18 0.04 0.00001869 6119 0.04 0.18 0.04 3.8E-05 0

9 528912 207958 T 0.74 -0.09 0.02 0.00000608 6152 0.28 -0.09 0.02 1.5E-05 0.01
9 rs644809 208549 A 0.74 -0.09 0.02 0.000005831 6165 0.27 -0.09 0.02 1.5E-05 0

9 1s7033503 21799598 T 0.53 0.08 0.02 0.000004344 5758 0.49 0.08 0.02 9E-06 0

10 rs7477274 98549577 C 0.91 0.14 0.03 0.00001672 5021 0.09 0.14 0.03 3.4E-05 0
10 rs10788232 123803584 C 0.65 -0.08 0.02 0.00001691 5412 0.35 -0.08 0.02 3.5E-05 0

11 rs11029598 26553388 G 0.79 0.09 0.02 0.000005295 6167 0.23 0.09 0.02 1.1E-05 0

11 rs1877008 57731168 T 0.69 -0.09 0.02 0.000003553 5614 0.28 -0.09 0.02 7.4E-06 0
11 rs7115199 102871623 T 0.97 0.21 0.05 0.00002151 6213 0.03 0.21 0.05 4.4E-05 0

12 7972028 101115389 T 0.80 -0.09 0.02 0.00001844 5761 0.18 -0.09 0.02 3.8E-05 0

12 12398555 132214488 C 0.82 0.11 0.02 0.00000558 5400 0.17 0.10 0.02 1.3E-05 0.01
12 rs$7959323 132288666 A 0.81 0.10 0.02 0.00001282 4957 0.17 0.10 0.02 2.9E-05 0

13 1s9578516 23534670 T 0.94 0.22 0.06 0.00003804 2672 0.05 0.22 0.06 8E-05 0
14 rs17115446 45189702 C 0.95 0.20 0.04 0.000004735 5373 0.05 0.20 0.04 9.8E-06 0

15 rs8033330 31396633 A 0.81 0.09 0.02 0.00001765 6021 0.19 0.09 0.02 3.6E-05 0
16 1s75066389 86276317 A 0.94 0.14 0.03 0.00001336 6926 0.06 0.14 0.03 2.7E-05 0
19 rs3760950 4868689 A 0.89 0.12 0.03 0.00002369 5968 0.12 0.12 0.03 4.8E-05 0
20 1s6023617 53433550 A 0.52 0.07 0.02 0.00001838 5829 0.48 0.07 0.02 3.8E-05 0

21 rs36034136 43803524 A 0.95 0.17 0.04 0.00001631 6182 0.05 0.16 0.04 3.3E-05 0
22 rs8142159 43490634 A 0.84 0.11 0.03 0.00001562 5047 0.13 0.11 0.03 3.2E-05 0
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S3.6 Results of bivariate analyses using GWAS-PW for nevi and melanoma

We have considered bins where the posterior probability (PPA) of an associated locus in that
interval exceeded 50% as potentially interesting, and have tabulated (Table S3.6-1) and
plotted (Fig. S3.6-1) the PPA from the GWAS-PW bivariate segmental analysis. An attractive
feature of the Bayesian approach is that most bins are assigned a low PPA, so that candidate
regions stand out clearly. In some cases, multiple adjacent regions are given high PPAs due to
linkage disequilibrium, as the LD blocks are only a partial approach to dealing with LD. On
chromosome 16, for example, LD with MCIR haplotypes extends considerable distances.

The most striking finding for nevus count and melanoma is that no “pure” nevus loci were
detected (Fig. S3.6-1 and Table S3.6-1). That is, all the significant nevus count loci also
acted to increase melanoma risk. By contrast (see below, Figure S3.7-2), only TERC
appeared as a significant pleiotropic telomere length and nevus count locus, despite the fact
that multiple telomere maintenance genes harbour melanoma risk polymorphisms.

The results for the IRF4 region are not as impressive as one would expect, because they
ignore the marked heterogeneity between studies for association with both melanoma and

nevus count.

We have also plotted the specific effects of risk alleles for the two traits (Fig S3.6-2 and Fig
S3.6-3).

50



Supplement to Duffy et al: Novel pleiotropic risk loci for melanoma and nevus count

Table S3.6-1. Genome regions (bins) with a >0.5 posterior probability of containing a
melanoma (CMM) or nevus-associated locus from the bivariate CMM-nevus analysis using
GWAS-PW. Results for 7,850,345 SNPs overlapping between the CMM and nevus meta-
analyes were used. The genome was divided into 1703 semi-independent regions.

Region Maximum SNP Posterior probability that interval contains a trait | Most plausible gene
Chr association z score locus under given hypothesis* within region
Start End N SNPs |CMM Nevus CMM Nevus Pleiotropy |Colocated
1 149782667 |151538412 |3081 7.22 3 0.95 0 0.04 0.01 SETDBI
1 224938520 226810375 [5619 7.37 3.34 0.31 0 0.69 0 PARPI
2 38132712 39030302 |3318 5.13 5.29 0 0 1 0 CYPIBI, RMDN2
2 201576284 202817791 |2713 5.75 3.05 0.92 0 0.06 0.01 CASP8, ALS2CRI2
2 239952664 241559339 | 6047 4.01 5.43 0 0 0.99 0 HDAC4
3 168580960 | 170963758 |6395 4.31 4.78 0 0 0.97 0 TERC
5 983406 2131784 4232 8.52 3.71 0.94 0 0.06 0 TERT
5 33500180 35048778 4499 7.02 3.85 0.95 0 0.04 0.01 SLC4542
5 148662633 | 150560570 |5325 3.7 5.21 0 0 0.94 0 PPARGCIB
6 202452 1452004 4229 4 8.51 0 0.17 0.72 0.11 IRF4
6 19208231 21679102 | 7453 5.57 4 0.88 0 0.06 0 CDKALI
9 46587 1077862 4665 4.79 5.73 0 0 1 0 DOCKS8
9 20464018 22204797 5133 11.83 12.7 0 0 1 0 MTAP
9 107581749 109298040 |5138 5.74 4.65 0.1 0 0.89 0 9g31.1
9 110695062 | 112776273 |7759 5.28 6.05 0 0 1 0 9q31.2
10 4573474 5982577 6023 3.63 5.26 0.01 0 0.6 0 FAM208B
11 68006171 69516025 3958 6.47 3.47 0.92 0 0.07 0.01 TPCN2, CCNDI
11 87430621 89208854 |5868 10.7 413 0.95 0 0.03 0.02 GRMS, TYR
11 107844790 108436952 | 1061 7.09 3 0.4 0 0.59 0 ATM
12 12733591 15240327 | 8039 5.08 5.05 0 0 1 0 GPRC54
12 85990484 89680524 9237 3.49 5.72 0 0.11 0.53 0.04 KITLG
14 63790015 65218457 |3386 4.44 4.11 0.04 0 0.86 0 SYNE?2
14 89497782 91296066 {4892 7.54 3 0.96 0 0.04 0 TTC7B
15 27298112 29338326 3632 5.93 3.8 0.89 0 0.05 0.01 0CA2
15 32443813 34015013  |4595 4.82 4.55 0 0 0.98 0 FMNI
16 53393665 55903323 |7889 6.01 3.71 0.44 0 0.54 0 FTO
16 65938609 68840588 6188 5.28 4.45 0.73 0 0.06 0.11 (ZPF90)
16 87647436 89040532 |5093 7.53 4 0.91 0 0.08 0 MCIR
16 89041794 190171343 3888 20.37 3.74 0.92 0 0.07 0.01 MCIR
20 31615615 32809249 | 1983 11.48 3.39 0.97 0 0.03 0.01 ASIP
20 32814876 34960201 |3669 10.28 3.67 0.96 0 0.04 0.01 ASIP
20 34961245 36904375 3594 5.96 3.24 0.89 0 0.08 0 ASIP (DLGAP4)
21 41390174 43321426 |6996 7.88 4 0.85 0 0.15 0 MX2
22 37570784 39306784 |4184 7.06 8.92 0 0 1 0 PLA2G6
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Pure CMM loci

&)

Pure Nevus loci

(c) a pleiotropic nevus and melanoma locus, and (d) that the locus contains co-located but

each of ~1700 genomic regions that it is (a) a pure melanoma locus, (b) a pure nevus locus,
distinct variants for nevi and melanoma.

Figure S3.6-1. Results of GWAS-PW analyses which assigns posterior probabilities (PPA) to
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Figure S3.6-2. Plot of meta-analysis mean effect size of top 21 nevi loci (1 best SNP per
locus) for melanoma risk and nevus count.
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Figure S3.6-3a. Plot of effect size of pleiotropic alleles on melanoma risk and nevus count.
Alleles are selected either on strength of association to the first (L panel) or second trait (R
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Figure S3.6-3b. Plot of effect size of pleiotropic alleles on melanoma risk and nevus count.
Alleles are selected either on strength of association to the first or second trait.
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Figure S3.6-3c. Plot of effect size of pleiotropic alleles on melanoma risk and nevus count.
Alleles are selected either on strength of association to the first or second trait.
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S3.7 Pathway analysis
83.7.1 Bivariate GWAS-PW Bayesian GWAS analyses

As well as using more traditional approaches to assess contribution of loci in particular
biological pathways, we have also performed bivariate GWAS-PW analyses using traits that
act as “read-outs” for those pathways. In the case of overlap with loci for telomere length, the
strength of genetic correlation seems to be stronger with melanoma than with nevus count
using this approach (though see section S3.7.2 below). Further to the appearance that there
are co-located telomere length and nevus count loci in the region of PLA2G6 on chromosome
22 in Supplementary Fig. 3.7-2, we plotted the contributing results for this region
(Supplementary Fig. 3.7-3). The nevus and TL peaks on Supplementary Fig. 3.7-3 are
quite distant from one another, and the best telomere length SNP lies in KCNJ4, not a
candidate, though DMCI nearby might be. It is plausible to regard this as a false positive.

In a similar fashion, evidence for overlap with pigmentation pathway loci was also greater for
melanoma risk (Supplementary Fig. 3.7-4). Given the known role of pigmentation loci in
melanomagenesis, the overlaps in that analysis (Supplementary Fig. 3.7-5) are completely
expected, and offer a further positive control for the GWAS-PW method. There was no
significant evidence that pigmentation and telomere length loci overlap (Supplementary Fig.
3.7-6).
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Figure S3.7-1. Combination of melanoma and telomere length GWAS. Results of GWAS-
Pure Melanoma loci

PW analyses which assigns posterior probabilities (PPA) to each of ~1700 genomic regions
that it is (a) a pure melanoma locus, (b) a pure telomere length (TL) maintenance locus, (c) a

pleiotropic TL and melanoma locus, and (d) that the locus contains co-located but distinct
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variants for TL and melanoma.
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Figure S3.7-2. Combination of nevus count and telomere length GWAS. Results of GWAS-
Pure Nevus loci

PW analyses which assigns posterior probabilities (PPA) to each of ~1700 genomic regions
that it is (a) a pure nevus locus, (b) a pure telomere length (TL) maintenance locus, (c) a
pleiotropic TL and nevus locus, and (d) that the locus contains co-located but distinct variants
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for TL and nevi.
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Figure S3.7-3. Miami plot of association z scores for telomere length and nevus count near
PLA2G6. Since this was the only strong example of putative co-located loci, we plotted the
evidence for association for this region.

o)

Nevus Count (@% 883
S
e

Association Z

Telomere Length @

| | | | |
38200000 38400000 38600000 38800000 39000000

Build 37 bp

60



9 10 11 12 13 15 17 19 21

8
Pure Hair Colour loci

Pure Melanoma loci

Figure S3.7-4. Combination of melanoma and pigmentation GWAS. Results of GWAS-PW
analyses which assigns posterior probabilities (PPA) to each of ~1700 genomic regions that it

is (a) a pure melanoma locus, (b) a pure hair color locus, (c) a pleiotropic locus, and (d) that

the locus contains co-located but distinct variants for melanoma and hair color.
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Figure S3.7-5. Combination of nevus and pigmentation GWAS. Results of GWAS-PW ana-
Pure Nevus loci

lyses which assigns posterior probabilities (PPA) to each of ~1700 genomic regions that it is
(a) a pure nevus locus, (b) a pure hair color locus, (¢) a pleiotropic locus, and (d) that the

locus contains co-located but distinct variants for nevi and hair color.
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Figure S3.7-6. Combination of telomere length (TL) and pigmentation GWAS. Results of
Pure Telomere Length loci

GWAS-PW analyses which assigns posterior probabilities (PPA) to each of ~1700 genomic
(d) that the locus contains co-located but distinct variants for telomere length and hair color.

regions that it is (a) a pure TL locus, (b) a pure hair color locus, (c) a pleiotropic locus, and
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S4 Ancillary analyses

S4.1 Correlation between different measures of nevus count

The included studies have used different methods to measure nevus count which might raise
questions about the propriety of combining them in a meta-analysis. We and others have
previously shown that directly counted nevus numbers on one body site — for example, arm —
are well correlated with total body nevus number, and that genetic analyses using either
measure can detect the same loci. Questionnaire-based self-assessment on an ordinal scale is
understandably less well correlated with total body nevus count and attenuates the strength of
association. As a result, we have calculated disattenuated regression coefficients for those
studies using coarsened measures of total nevus count, utilizing the estimated correlation
between ordinal categorical measures and total nevus count of ~0.5. This value is derived
from a number of different sources, both internal to the present study, and published by
others, as shown in Table S4.1-1.
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Table S4.1-1. Estimated correlations between questionnaire measures and observer counts of

total body nevus count.

Sample Measure 1 |Measure2 |N Spearman r |Polychoric or |Estimated
(SE) polyserial correlation
correlation with ordinal
(SE) TNC
Qld [1] Self 4-point |Observer 660 0.55 (0.03) 10.60 (0.03) 0.6
melanoma  |scale total body
cases count
Qld Self 4-point |Observer 111 0.49 (0.08) |0.57 (0.07) 0.57
population |scale total body
controls [2] count
AMEFS [3] |Self 4-point |Observer 994 0.43 - ~0.5
scale total body (~0.03)
count
Qld twins  |Parental Observer 179 0.13 (0.07) |0.16 (0.08) ~0.4%*
and parents |Self 4-point |Child total
[4] scale body count
Qld Twins  |Nevus count |4-point scale {3,262 count ~0.5%*
[4] 4,476 4-pt
German Self-count |Observer 952 0.49 (0.03) ~(,5%&%
melanoma  |into 5 count into 5
CC [5] categories |categories
Qld controls |Self 4-point |Self 4-point |2,321 0.54 (0.02) |0.62 (0.02) ook
[1] scale (T1) |scale (T2)

* Given an estimated heritability of total body nevus count of 0.8
** Assuming the ordinal scale is an imperfect measure of total body nevus count with no
independent genetic causes (respective heritabilities were 0.82 and 0.18).
*#* Complicated by fact that observer count also coarsened.

**k** Five year test-retest correlation for questionnaire measured nevus score.

[1]36 T1, T2 = time of first and second examinations.

[2]45
[3]46

[4] This publication

[5]47
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S4.2 Bivariate analyses using different nevus count measures

In the BTNS, while adolescent twins have their nevi counted by a nurse, parental nevus
counts are measured by self-report on a single questionnaire item as “none”, “a few”, “mod-
erate”, “many” (see S1.1). Though any one individual is only tested by one method, we can
estimate the genetic correlation between these two types of measure in a family-based analy-
sis, and combine evidence of association to a given SNP to the different measures. We per-
formed a bivariate maximum analysis of these BTNS data using the MENDEL package***’
with the results shown in Table S4.2-1. For most of the SNPs examined, the SNP effect is
proportional and in the same direction, with the exception of /RF'4 rs12203592, where, as we
have previously shown, there is strong age by genotype interaction, with a reversal of sign in

the different age groups (here parents and their children).

Table S4.2-1. Bivariate (nurse total nevus count, self-report) REML mixed model results
only for families containing phenotyped adolescent twins (nurse TNC, n = 3,074) and
phenotyped parents (questionnaire, » = 2,311). Generation and sex were included as fixed
effects. The notable finding is the reversed sign for the effect in younger and older
participants of rs12203592 (IRF4), as previously noted™.

Trait SNP Beta ASE Wald Z P value

TNC 112203592 (IRF4) |-0.47 0.04 -11.48 0.000000
molecat 0.05 0.03 2.00 0.045421
TNC rs3761448 -0.08 0.03 -2.92 0.003485
molecat -0.05 0.02 -2.07 0.038287
TNC rs34186918 -0.04 0.03 -1.31 0.191613
molecat -0.01 0.03 -0.35 0.725988
TNC rs1056927 -0.04 0.03 -1.49 0.136897
molecat -0.02 0.02 -1.02 0.308004
TNC rs4521810 0.10 0.03 3.47 0.000528
molecat -0.02 0.02 -0.67 0.505324
TNC 152855655 -0.07 0.03 -2.77 0.005649
molecat -0.05 0.02 -2.46 0.014054
TNC rs1255884 0.07 0.03 2.73 0.006371
molecat 0.00 0.02 0.14 0.892039
TNC 1512696304 0.02 0.03 0.63 0.531861
molecat (TERC) 0.01 0.02 0.37 0.713627
TNC rs73008229 0.01 0.04 0.35 0.725938
molecat -0.06 0.03 -1.78 0.074965
TNC 73065916 0.02 0.03 0.75 0.452419
molecat 0.03 0.02 1.17 0.241802
TNC rs251464 -0.14 0.03 -4.40 0.000011
molecat -0.04 0.02 -2.15 0.031348
TNC 5251468 0.14 0.03 4.36 0.000013
molecat 0.04 0.02 2.17 0.029691
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S4.3 Bivariate mixed model association analysis for melanoma and nevus count in
Australian data

Bivariate mixed model association analysis for melanoma and nevus count in Australian data
(Table S4.3-1). The P value is for the bivariate model, and so does not preclude the
association to one of the traits being not significantly different from zero. This should be
borne in mind when interpreting the sign changes (effect allele) between the two traits for
several SNPs such as rs1805007 in MCIR, where the main analysis suggests no significant
effect on nevus count. A negative effect sign indicates that an allele that increases mole count
also increases melanoma risk and the consistency of negative signs across all SNPs indicates
that there is always a positive genetic correlation between moliness and melanoma risk.

Table S4.3-1. Bivariate mixed model association analysis for melanoma and nevus count.

SNP Trait Allele Effect P value
rs6142206 Melanoma A -0.0170 0.184E-05
rs6142206 molecat A -0.0839 0.184E-05
rs910873 Melanoma C -0.0201 0.000014
rs910873 molecat C -0.1221 0.000014
rs12211228 Melanoma C -0.0141 0.000017
rs12211228 molecat C -0.0936 0.000017
rs1537370 Melanoma C -0.0129 0.000033
rs1537370 molecat C -0.0733 0.000033
rs2267371 Melanoma T -0.0159 0.000069
rs2267371 molecat T +0.0418 0.000069
rs1805007 Melanoma C -0.0142 0.000075
rs1805007 molecat C +0.0666 0.000075
rs1537375 Melanoma T -0.0131 0.000094
rs1537375 molecat T -0.0421 0.000094
1s2235347 Melanoma T +0.0145 0.000098
rs2235347 molecat G -0.0316 0.000098
1s944797 Melanoma G +0.0128 0.000102
rs944797 molecat T -0.0432 0.000102
rs6142047 Melanoma T -0.0005 0.000164
rs6142047 molecat T -0.0927 0.000164
rs12630450 Melanoma G -0.0169 0.000190
rs12630450 molecat G -0.1046 0.000190
rs1333039 Melanoma G -0.0112 0.000197
rs1333039 molecat G -0.0855 0.000197
rs1537371 Melanoma C -0.0120 0.000249
rs1537371 molecat C -0.0485 0.000249
rs4820314 Melanoma G -0.0111 0.000284
rs4820314 molecat G +0.0871 0.000284
rs1556516 Melanoma G -0.0118 0.000315
rs1556516 molecat G -0.0507 0.000315
rs1537378 Melanoma T -0.0107 0.000361
rs1537378 molecat T -0.0853 0.000361
1s5750546 Melanoma T +0.0108 0.000384
1s5750546 molecat T -0.0741 0.000384
rs2157719 Melanoma C -0.0099 0.000405
rs2157719 molecat C -0.0900 0.000405
rs12203592 Melanoma T -0.0031 0.000451
rs12203592 molecat T -0.1045 0.000451
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S4.4 Use of overlapping controls for melanoma and nevus counts

A standard assumption of meta-analysis is that the samples combined should be independent.
In our case, a subset (n = 1,320) of the controls for the Australian melanoma cases are the
parents of twins counted in the Brisbane Twin Nevus Study. In addition, the Leeds nevus
sample are controls from their melanoma case-control study, which also contributes to the
melanoma meta-analysis. An additional complication is that the parents of twins also provide
self-ratings of whole-body nevus density on a 4-point scale. This has been dealt with by
performing analysis of the nurse-counted total nevus count in the children and mole score in
the parent as a bivariate mixed model analysis, which correctly takes account of both
relatedness and the difference in the metrics.

It is known that performing a secondary analysis of a correlated trait solely with controls
from a case-control study is unbiased, unless the primary trait (here melanoma) is common®'.
We carried out simulations to confirm that this was the case in our special situation where we
combine evidence of association of a locus to both the primary trait and the correlated
secondary trait by meta-analysis. This showed that unless one also incorporates data for the
secondary trait in cases (which we have not), then no special ascertainment correction is
required. See Supplementary Figs. 4.4-1-2.
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Figure S4.4-1. Meta-analytic association statistics for simulated case-control data confirming
that results reusing control data for the secondary trait is equivalent to that from two
independent samples of the same size. This supports our use of parents of BTNS twins both
as subjects in the mole meta-analysis and as controls for the Australian melanoma cases in the

melanoma meta-analysis.
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Figure S4.4-2. R code to perform simulation of results shown in Supplementary Fig. 4.4-1.

#
# Using controls to study correlated trait
# Since equivalent to a "corners" type stratified sampling
# association analysis of the continuous trait, we expect
# contributions from each trait will be essentially independent.
#
bivcasecon <- function(n=1000, maf=0.1, d=0.5, b=0.5, prev=0.05) {
totaln <- 2*n/prev
gfreq <- c(maf"2,2*maf*(1-maf),(1-maf)"2)
mu <- ¢(0, d, 2*d)
sd=1
g <- sample(1:3,totaln,replace=TRUE, prob=gfreq)
phl <- mu[g]+rnorm(totaln)
ph2 <- b*phl + (1-b)*rnorm(totaln)
ph3 <- pnorm((ph2-mean(ph2))/sd(ph2), lower=F) <= 0.05
idx <- ph3
cas <- sample(which(idx), n)
con <- sample(which(!idx),n)
data.frame(g=g, ph1=phl, ph2=ph2, ph3=ph3)[c(cas,con),]
b
#
# Simulate analyses of binary trait and correlated continuous trait
# either using one (pseudo)sample, or drawing each trait from a
# separate uncorrelated realization. Combine results for each trait
# using Fisher method.
#
test <- function(nrep=1000, n=1000, maf=0.1, d=0.5, b=0.5, prev=0.05) {
res <- as.data.frame(matrix(nc=10, nr=nrep))
names(res) <- ¢("logOR.c", "Beta.c", "P.cc.c", "P.con.c", "P.c",
"logOR.u", "Beta.u", "P.cc.u", "P.con.u", "P.u")
for(i in 1:nrep) {
x <- bivcasecon(n=n, maf=maf, d=d, b=b, prev=prev)
mod <- glm(ph3 ~ g, data=x)
pl <- anova(mod, test="Chi")$"Pr(>Chi)"[2]
res$logOR.c[i] <- coef(mod)["g"]
mod <- Im(ph2 ~ g, data=subset(x,ph3==FALSE))
res$Beta.c[i] <- coef(mod)["g"]
p2 <- anova(mod)$"Pr(>F)"[1]
res[1,3:5] <- c¢(p1,p2,pchisq(-2*sum(log(c(p1,p2))),
df=4,lower=F, log.p=TRUE)/log(10))

x <- bivcasecon(n=n, maf=maf, d=d, b=b, prev=prev)
mod <- glm(ph3 ~ g, data=x)

pl <- anova(mod, test="Chi")$"Pr(>Chi)"[2]
res$logOR.u[i] <- coef(mod)["g"]

x <- bivcasecon(n=n, maf=maf, d=d, b=b, prev=prev)
mod <- Im(ph2 ~ g, data=subset(x,ph3==FALSE))
res$Beta.u[i] <- coef(mod)["g"]
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res[1,8:10] <- c(p1,p2,pchisq(-2*sum(log(c(p1,p2))),
df=4,lower=F, log.p=TRUE)/log(10))
b

res
}
diag_plot p <- function(z) {
top <- min(c(z$P.c, z§P.u))
qqgplot(z$P.c, z$P.u, xlim=c¢(0,top), ylim=c(0,top),
xlab="Overlapping data log10(P)", ylab="Independent samples log10(P)")
abline(0,1)
rug(z$P.c, side=1)
rug(z$P.u, side=2)
dens.c <- density(z$P.c, to=0)
dens.u <- density(z$P.u, to=0)
scale.c <- -10"-(round(log10(max(dens.c$y)))) * -top/8
scale.u <- -10"-(round(log10(max(dens.u$y)))) * -top/8
lines(dens.c$x, scale.c * dens.c8y)
lines(scale.u * dens.uSy, dens.u$x)
ks <- ks.test(z$P.c, z$P.u)
tt <- t.test(z$P.c, zZ$P.u)
text(top/2,top,paste("K-S test D =", signif(ks$statistic,2),
", P =", signif(ks$p.value,3),"\n",
"t-test t =", signif(tt$statistic,2),
", P =", signif(tt$p.value,2)))
}
diag plot effects <- function(z) {
par(mfcol=c(1,2))
bot <- min(c(z$Beta.c, z$Beta.u))
top <- max(c(z$Beta.c, z$Beta.u))
mu <- mean(z$Beta.c, na.rm=T)
qqplot(z$Beta.c, zZ§Beta.u, xlim=c(bot,top), ylim=c(bot,top),
main=paste("Realized beta(nevi)=", signif(mu,3)),
xlab="Overlapping data beta(nevi)", ylab="Independent samples beta(nevi)")
abline(0,1)

bot <- min(c(z$logOR.c, z$logOR.u))

top <- max(c(z$logOR.c, z$logOR.u))

mu <- mean(z$logOR.c, na.rm=T)

qqplot(z$logOR.c, z$logOR u, xlim=c(bot,top), ylim=c(bot,top),
main=paste("Realized OR(CMM)=", signif(exp(mu),3)),
xlab="Overlapping data logOR(CMM)",
ylab="Independent samples logOR(CMM)")

abline(0,1)

par(mfcol=c(1,1))

}

null_ptable <- function(z) {
data.frame(nominal.P=c("0.05", "0.01", "0.001", "0.0001" , "1e-5", "1e-6"),
simulated.P= c(sum((z$P.c < 1og10(0.05))/length(z$P.c)),
sum((z$P.c < -2)/length(z$P.c)),
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sum((zS$P.c < -3)/length(z$P.c)),
sum((z$P.c < -4)/length(z$P.c)),
sum((z$P.c < -5)/length(z$P.c)),
sum((z$P.c < -6)/length(z$P.c))))

}

z <- test(10000, b=0, d=0)

print(null ptable(z))

diag plot p(z)
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S5 Detailed results

S5.1 Forest and regional association plots for peak SNPs within each GWS locus.

We present forest plots of nevus count association (Supplementary Figs. 5.1-1-15) for the
SNP with the lowest combined association P value for melanoma and nevus count in each
genomic region. The regional association plots are Miami plots with log-transformed P
values for nevus count association above the central X-axis and log-transformed P values for
nevus count association below the central axis, and usually span 0.5-1 Mb around the
association peak. In these regional association plots, the results for the most significantly
associated SNP for nevus count are represented by closed green circles, and those for
melanoma by closed blue circles. In many cases, these are not the same as the peak combined
analysis SNP presented in the corresponding forest plot. Note that graphical presentations of
individual SNP association P values can also be read off the UCSC annotated plots in the
following section S5.2.
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Figure S5.1-1. Regional association (nevi and melanoma) and forest plot (nevi only) for
1$2695237 near PARP1 (chr1:226.4Mbp).
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Figure S5.1-2. Regional association (nevi and melanoma) and forest plot (nevi only)
rs4670813 in CYPIBI1 (chr2:38.1Mbp).
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Figure S5.1-3. Regional association (nevi and melanoma) and forest plot (nevi only) for
r$55875066 in HDAC4 (chr2:239.2Mbp).
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Figure S5.1-4. Regional association (nevi and melanoma) and forest plot (nevi only) for
r$126961s304 near TERC (chr3:169.8 Mbp).
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Figure S5.1-5. Regional association (nevi and melanoma) and forest plot (nevi only) for
rs251464 in PPARGC1B (chr5:149.8Mbp).
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Figure S5.1-6. Regional association (nevi and melanoma) and forest plot (nevi only) for
r$12203592 in IRF'4 (chr6:0.4Mbp).
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Figure S5.1-7. Regional association (nevi and melanoma) and forest plot (nevi only) for
rs600951 in DOCKS (chr9:0.2Mbp).
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Figure S5.1-8. Regional association (nevi and melanoma) and forest plot (nevi only) for
r$869329 in MTAP (chr9:21.8 Mbp).
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