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Supplementary Information

Combining populations and risk phenotypes greatly expands knowledge of the genetic
architecture of susceptibility to melanoma



Inclusion of UK Biobank salf-report cases

While the genetic correlation between the UKBB self-repettis lower than 23andMe, the
confidence intervals overlapped substantially (UKBB self-rieRg 0.65, 95% CI 0.36-0.95;
23andMe 1.00 95% CI 0.74-1.00). This suggests that the UK Bidgdikeport GWAS does not
differ in terms of genetic architecture to the other metaa GWAS. However, even if there are
potential uncertainties in the phenotype as discussind imain text, we show that the UKBB self
report is contributing to our discovery power.

Looking specifically at the lead SNPs identified in thefcored only meta-analysis
(Supplementary Table 6), the correlation of log(OR) beta estimates (weiglgtheir inverse
variance) from the confirmed only meta-analysis and fiioelUKBB self-report set is high?

0.62 GBupplementary Figure 9). As a further sensitivity analysis we excluded the UKBB-s
report set from the meta-analysis, retaining all confirsetd and 23andMe. Three loci found in the
total (all confirmed sets plus 23andMe and UKBB self-repmtlonger reach genome-wide
significance. Heterogeneity was low across these 16&i110%), both with and without the

UKBB self-report set, suggesting its presence was improving powswyitiriving the discovery

of these loci nor leading to heterogeneity. For eatchaxe three lead SNP the estimate within
UKBB self-report was consistent with the wider meta-agialfsupplementary Table 18). For
example, rs6908626 in the UKBB self-report has a log(OR) = Odifsila 95% CIl 0.047 - 0.255. In
the meta-analysis without UKBB self-report the log(OR) = 0.098% CI = 0.049 - 0.107, with
overlapping confidence intervals. The consistency of UlsBB-report GWAS at these three loci is
further supported by the reported forest plots for these $NRgpplementary Figure 7. These
show that log(OR) estimates from UKBB self-report setcargsistent with, and overlap, those of
other confirmed case sets.

Thus, although the Rg between UKBB self-report and tharooed metaGWAS is not 1 (which
may be for a range of reasons e.q., LD score regrgssiger), the inclusion of the UKBB self-
report GWAS boosts the power to identify new melanoma G\@aiSvithout introducing bias.

Replication of previously reported melanoma GWAS loci

Our analysis directly confirms 19 of the 21 loci reaching genande significance in a previous
CM GWAJ™®|(Table 1). The previously-reported peak variant for thadae intron 8 of FTO

rs16953002 did not formally replicates{d@ = 1.2 x 10°, I? = 35%, Reta= 3.8 x10°) nor did any

SNPs in LD, with the most strongly associated SNP at thisméoeing rs62034121. However,
rs16953002 and rs62034121 are in LRk = 0.96), and these variants are genome-wide
significant in the meta-analysis of confirmed-only CMesasand the combined CM plus nevus
analysis (see below and Online Methods). A recent mela@MmaS[¥|reported rs187843643 near
BASP1 as a melanoma locus; while we include the contrip@WAS study in our analysis, this
locus was no longer genome-wide significant in the raetlysis (f = 35%, Rea r= 0.3, Reta=
0.00071).

While the loci is still significantly associated with Cige previously-reported CM susceptibility
variant centromeric to AGR3 (rs1636744) on chromosome 7 lsnger the regional peak. While a
SNP in LD (Peur = 0.91) with rs1636744, rs73069846, is an independent risk varianifor C
(Supplementary Table 3) the peak variant for this locusvisns117132860 feur < 0.03 with
previously reported variants) located near the AHR geneTiat$upplementary Table Bret+
3.8x 102Y). This region exhibits a complex LD structure and moreded investigations are
needed to disentangle the CM association(s) in thisme§imilarly, the peak variant near IRF4 is


https://paperpile.com/c/PTQOZb/dLYxe+F7kt+ycPb+LgME+su4eU+8ShO+u2SR+buqhM
https://paperpile.com/c/PTQOZb/buqhM

rs12215602 and not the previously reported rs12203592, for which sudddtettrogeneity was
observed @ = 81%, Reta r= 0.1, Reta= 1.9 x 10").

The total CM meta-analysis also confirmed 6 regions previadslhtified only by combining
nevus count and CM GWAS dili§T able 2). While in our CM meta-analysis the peak variant for
another region near MFSD12 and FZR1, rs12984831, is independarthigreviously-reported
peak at rs34466956%r = 0.001), rs34466956 is also significantly associated in our cochbine
analysis of CM and nevus count described beloswm{Rws= 2.5% 10°% Supplementary Table 7).


https://paperpile.com/c/PTQOZb/6Ewc

Supplementary Figures
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Supplementary Figure 1. Quantile-Quantile plots.

Quantile-quantile plots for all post QC imputed SNPs wikhAd > 0.005. A: AMFS; B:
CIDR_WAMHS,; C: EPIGENE; D: GenoMEL_P1; E: GenoMEL_P2; F: HARVARR);
HEIDELBERG; H: MDACC; I: MELARISK; J: MIA_PAH; K: QMEGA_610k; L:
QMEGA_omni; M: UKBB500K_pathconf; N: GSEdIinCIDRchr; O: italy; P: greek; Q:rsfali
PLCO; S: MICHIGAN; T: QSkin; U: BNMS; V: 23andMe; W: UKBB500K _selfrep.
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Supplementary Figure 2: Quantile-Quantile plot of total CM meta-analysis.
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Manhattan plot of GWAS P values
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Supplementary Figure 3: Manhattan plots of total and confirmed only GWAS-meta-analyses.

We display in order the total CM meta-analysis withouttiing the y-axis; the pathologically
confirmed CM cases only meta-analysis with the y-axigditnto 1x 102°and without a limit to
more clearly display loci other than MC1R.
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Supplementary Figure 4. Quantile-Quantile plot of confirmed only CM meta-analysis.
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NM v.s. SSM B

LM v.5. SSM B
Acral v.s. S5SM . P=0.000053
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Supplementary Figure 5: Distribution of pigmentation polygenic risk scores across melanoma
histological subtypes.

The figure shows whether PRS defined based on SNPs asseattitédir colour differ across CM
histological types®@nline M ethods; SSM: superficial spreading melanoma; NM: nodular
melanoma; LM: lentigo melanoma; Acral: acral lentiginonelanoma). The higher the PRS the
lighter the hair colour. When comparing subtype 1 vstyge 2, we report the effect size for the
linear regression of PRS on subtype 1, including study andipaircomponents as covariates to
control for population stratification. The regresstmefficient, 95% confidence interval, and

statistical significance are shown. The positive betaatds the PRS is higher in subtype 2 (e.g.,
non-acral melanomas).
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Top 4000 tissue-specific genes
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Supplementary Figure 6: LD score regression plots.

Heritability Ennchment

LD score regression was performed for the top 4000 (A) 2000n@B)1@00 (C) tissue-specific
genes from melanocyte and GTEX tissue types, to asgesaribhment of melanoma heritability in
these genomic regions. The level of enrichment and iksalre shown, with an FDR = 0.05 cutoff
marked as a dashed horizontal line. Tissue categorieslarecoded, and a subset of top individual

14



tissue types are shown on the plot. Tissue types from “Skin” category including melanocytes are
highlighted in magenta.
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Supplementary Figure 7: Effect size estimates across contributing GWAS.

Forest plots showing results across the studies for dis¢ significant SNP at each of the 54
genome-wide significant loci. Results shown for metahasis with only clinically-confirmed cases
(“overall_conf”) and including self-reported cases (“overall”). Estimated log(OR) and 95%
confidence intervals are plotted.
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Forest plots showing the effect size estimates, 95%dmrde intervals and allele frequency for
each independent genome-wide significant SNP grouped by geogregibic (AU: Australia, NE:
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Northern European; SE: Southern European; US: United Statied®. frequency is indicated by
point size.
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Coefi. of det. (r2) weighted by inv. variance for
UKBB SR vs conf. loci = 0.617

UKBB SR (beta)

Confirmed meta-analysis (beta)

Supplementary Figure 9: Effect sizesfor confirmed only meta-analysis versus UK BB salf-

report set
UK Biobank self-report GWAS (UKBB SR); plotted effect siaes the log(OR) beta.

24



Supplementary Table L egends
Supplementary Table 1. Summary of GWAS sets.

Typeis clinically confirmed cutaneous melanoma (CM) or sgibré Population is the broad
population of origin for sample&uropean is multiple European countriedS United StatesJK
United Kingdom European-derived is combined populations drawn from Australian and
European countries. MIA_PAH includes Australian case antt@@amples supplemented with
additional UK controls. The Brisbane Nevus Morphologyds (BNM S) includes a combined set
of Australian and German cases and controls. Princgpaponent analysis was used to ensure
homogeneity within GWAS; see GWAS descriptions for det8tludy is the GWAS name. In
addition tocase andcontrol number, thesffective case and control number to better display
discovery power was calculated as

2/0?, wherea? = \/((1/Casey ) + (1/Controly))

GWAS  Array is the array used for genotyping. When arrays were cochlh#°s were filtered to
the minimum overlapping set (see Methods). The Harvard, BNii® 23andMe GWAS were
imputed to 1000 genomes phase 1 v3; all other data sets were impHfe@ tdl.1 using the
Michigan Imputation Server. The genomic inflatikrathbda) and LD Score RegressionPSC)
Intercept and its standard erro8E)[™are both reported as the intercept better reflectstesstic
inflation while lambda is also influenced by true polygesignal and sample size.

The field “In previous meta-analyses?” indicates if a GWAS was included in[J*This GWAS was

included in the previous meta-analysis, but has now beenesnppled with additional cases and
controls such that 39% of cases and 92% of controls are ne
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Supplementary Table 2. Inflation, LD Score intercept and genetic correlation between
confirmed and self report sets.

Dataset is theconfirmed meta-analysis, the total confirmed plus self repGanfirmed plus SR),
the UK Biobank self report GWASJK Biobank SR), and the23andM e self report set. Array
heritability (h?), genomic inflation factorl(ambda), L DSC intercept and itsSE, and the ratio
between them are repor{&i The genetic correlatiorRg) and itsSE as calculated by LDSC
indicate a high degree of genetic overlap between selftrapd confirmed GWAS datasets.
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Supplementary Table 3. Annotation and detailed resultsfor independent SNPs associated
with CM in thetotal confirmed plus self report meta-analysis.

Locus: Independent SNP within 1 MB are combined into a single I&8NB: Independent SNP
number.CHR andBP are provided as per hg 19 positiorsD: dbSNP142 rs number.

We list theNearest gene andNearest protein coding genes as reported by the open targets
genetics platforfil] Where loci overlap we summarise the TWAS results usigigmocyte-

specific expression (Online Methods, Supplementary Table ldgr@ expression from the skin
representing sun-exposed skin, non-sun-exposed skin;aansfiormed skin fibroblasts from GTEx
(Online M ethods, Supplementary Table 12). If known we list the functional gene target based on
presence of a missense protein change, or if identified bsv@ops publication the gene name and
PUBMED ID.

CHR:BP:REFALT is a positional ID made by combining HRC position, ref alb@llele. Effect
allele EA) and non effect alleleNEA) as well as the freq of the effect allelA(freq) are
provided. For the two meta-analysis performed using PLINK [f].9the total (confirmed and self
report combined), and the confirmed cases only - we report synelai@ including number of
contributing GWAS N), Fixed effects P-value and ORnjeta, OR) and random effect$(meta r,
OR random), and measures of heterogene®ydndl 2). Finally we report the per study OR for
the EA allele for each study.
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Supplementary Table 4. SNPs independently associated with CM in thetotal analysis set.

Locus: Independent SNP within 1 MB are combined into a single I&8NB: Independent SNP
number.CHR andBP are provided as per hg 19 positiorsD: doSNP142 rs number.
CHR:BP:REFALT is a positional ID made by combining HRC position, ref alh@llele. Effect
allele EA) and non effect alleldNEA) as well as the freq of the effect alleleA freq) are
provided.BETA is the log of the fixed effects OR for the total (confichmus self report) meta-
analysis and its standard err®E) and P-valueRmeta).

Conditionally independent SNPs were determined using GETIM ethods) with the resultant
adjustjoint conditional BETA, SE andP-value reported. Finally we report the linkage
disequilibrium r as estimated in the reference populdtio®NP i and SNP i+ 1.(d_r). This can
be informative when the joint conditional P is mogngdicant than the single SNP analysis (e.qg.
where two adjacent SNPs are in negative LD).

To limit the chance of false positive claims of novel Sdift/ we further filtered the list of 75
conditionally independent variants to those (i) genome-sigiaificant (P < 5« 10%) in single SNP
and joint conditional analysis, and (i) as recommefiGlechere there was evidence of
heterogeneity between studie$*131%) the random effect P-value also needed to be ¥@.
Thelndependent SNP field reports this; if a variant passes all filtersnitsnber is recorded;
otherwise the reason for filtering is notédt indicates the SNP ha$* 31% and the random
effects is not significant;oj o indicates the variant is only significant in the cajlysis and not p
5 x 10%in the initial single SNP GWAS so is not counted as a skrgrSNP at this locus.

aWhile the lead SNP selected by joint analysis rs12528@84neta-analysié $ 31 and a random
effects p-value < 5x 108 there are SNPs in LD that pass this filter. e.g. rs12173258éas t
strongest p-value and is passes filters@ 1.1 x 10! and ? =29.6) and this loci was retained.
®The HLA region is excluded from LD reference panel used¢dmditional analysis (See methods)
and the lead SNP is reportédll SNPs at this locus near the FTO gene, including the &8 S
have? > 31 and a random effects p-value «3.08 and as such is not counted as an independent
CM risk locus in this analysis.
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Supplementary Table 5. Independant CM SNPs and their association with risk phenotypes.

Locus: Independent SNPs within 1 MB are combined into a single I&NRB: Independent SNP
number.CHR andBP are provided as per hg 19 positior8D: dbSNP142 rs number. Nearest, or
if known likely functionalgene target, is provided. The meta-analysis P-value for theroosd

only sets Pmeta confirmed) and total including self reporPfneta confirmed SR) are listed for
each variant, as is their their association P-valm a series of GWAS of melanoma risk
phenotypes from the UK Biobank(line methods); Ease of tanningR Ease), Number of
Childhood sunburng(Childhood Sunburns), Skin Colour, non red hair hair colouiHair

Colour) as well as red hair yes/nBéd Hair). Each SNP’s association with leukocyte telomere
length (P Telomere Length) taken from a GWAS of 37,684 iddaid™|and the same nevus count
GWAS meta-analysis used for the joint analyses of C{Mravus count and pigmentatigd =
65,597, Methods).

For a number of SNPs, telomere GWAS results were ralaée for the lead CM SNP; where
possible a proxy SNPT€lomere SNP) was identified using an expanding LD window in PLINK
v1.9 using the same LD reference panel as the GCTA comditanalysis@nline methods). The
LD window to search for proxies started at 2mb and 100 SNPs wideawiinimum LD feur >
0.9, with the threshold relaxed until a SNP was identiffeah SNP was found with a window of
1000 SNPs, 4 Mb and LBgur> 0.5 the search was stopped. [2between th@ elomere SNP
and the lead SNP is listerf)

aFor two SNPs, rs7705526 and rs143190905 data for telomere associatioot aeailable for the
lead SNP nor a proxy with LI¥gur> 0.5. For these two SNPs the p-value is derived from a
separate telomere GWAY identified via the open targets genetic platfob8NP is not in the
Nevus GWAS meta-analysis data, nor is there a proxy Si\#vitindow of 1000 SNPs, 4 Mb and
LD r?eur> 0.5.cP value for a proxy SNP for rs116927526 is reported; rs193247693:1£0:70
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Supplementary Table 6. SNPs independently associated with CM in the confirmed cases only
analysis set.

Locus: Independent SNPs from the confirmed cases meta-analyisis tvMB are combined into a
single locusSNP: Independent SNP numb@&NP for mally significant and independent

discounts SNPs that, while selected in the joint conditianalysis Online M ethods), are not
significant in the single SNP GWAS (e.gseR> 5 X 1% Or Preta > 5 x 16 where heterogeneity
12> 31). See footnotes below for further detail.

CHR andBP are provided as per hg 19 positiorsD: dbSNP142 rs numbe€CHR:BP:REFALT
is a positional ID made by combining HRC position, ref ahdlile. Effect allele EA) and non
effect allele NEA) as well as the freq of the effect alleleA freq) are providedBETA is the log
of the fixed effects OR for the confirmed cases only nagialysis and its standard err&Ej and
P-value Pmeta). Conditionally independent SNPs were determined using GGT&h(ods) with
the resultant adjugbint conditional BETA, SE andP-value reported. Finally we report the
linkage disequilibrium r as estimated in the reference pdpnléir SNP i and SNP i+ 1.d_r).
This can be informative when the joint conditionasPnore significant than the single SNP
analysis (e.g. where two adjacent SNPs are in negative LD).

For reference we append the relevant summary data includmigenwf contributing GWASN),
Fixed effects P-value and ORrfieta, OR) and random effect$’(meta_r, OR random), and
measures of heterogeneity &ndl2) from the confirmed cases only meta-analysis results
performed using PLINK v1[&]

We also report the per study OR for the EA allele fohestady.

Results are compared to the “Total M eta-analysis lead SNP” with the overlapping locus number
from Supplementary Table 3 provided.

AWhile the lead SNP in this locus selected by conditional aisalhas fixed P > 5 x 01
heterogeneity measure > 31% and a random meta-analyaladsv5 x 1§ other SNPs exist that
qualify e.g. chromosome 2 rs3769823,k = 0.75 with lead SNP rs10931936; chromosome 5
rs12173258%ur = 0.82 with lead SNP rs11747245; chromosome 8 rs1481853 £ 0.99 with

lead SNP rs13263376); chromosome 12 rs425732& @ 0.99 with lead SNP rs4763456),
chromosome 16 rs16953002(r = 0.85 with lead SNP rs62034139); chromosome 16 rs2967361
(r’eur 0.85 with lead SNP rs2911428yhile the lead SNP in the total meta-analysis is rs2301293,
that SNP is P > 5e-8 in the total meta-analysis and notftya CM locusC 12 heterogeneity
measure > 31% and a random meta-analysis P-value > 8. X litlicates the variant is only
significant in the cojo analysis and not p 308in the initial single SNP GWAS so is not counted
as a secondary SNP at this locus.
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Supplementary Table 7. Results from total confirmed plus self report meta-analysis for SNPs
with meta-analysisP < 5 x 10,

Displayed results are with respect £131% Online M ethods).
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Supplementary Table 8. Sample sizesfor sub phenotype GWAS analysis.

Numbers of cases and controls available across comghGWAS data for the histology, age and
sex stratified GWAS analyses.
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Supplementary Table 9. Combined analysisof CM and Nevus count GWAS meta-analyses.

LD calculations performed in PLINK using a reference pah&l0,000 white british UK Biobank
individuals as implemented in the FUMA platform was usedéatify independent SNPs with P <
5 x 10%; independent SNPs within 1 Mb were considered to be singjléOaline M ethods). The
lead SNP for each locus is reported. Bolding indicateghledbcus is significant at a Bonferroni

corrected P-value threshold o&PL.25x 108 ChromosomeGHR), base pairgP) andrsiD are

provided for the peak variant for each locus using hg19 positidfect allele EA) and non effect
allele NEA) as well as the freq of the effect alleleA(freq) are provided. We list thidear est

gene andNearest protein coding genes as reported by the open targets genetics plaffgrri the
lead SNP is an eQTL for skin tissues in GTEx we list the ¢génd=X skin eQTL gene); if the p-
value is not significant following bonferroni correctior 0.05 divided by the number of genes) the
actual P-value is also reported. If known we list the fionel gene target based on presence of a
missense protein change, or if identified by a previous puldit#tie gene name and PUBMED ID.

If the locus overlaps with a locus identified in the totanfirmed plus self report CM meta-analysis
(Table 1, Table 2, Supplementary Table 3) its number is noted here, as is the peak CM i&ID
appropriate, and the LBdur between the two SNP©yerlapping CM locus, rsID and LD r2
between lead SNPs).

If the locus overlaps with a recent combined analys@@\fand nevus count GWAS meta-analysis
[Othis is noted (otherwise novel ones are indicated by,ravd)the peak SNP there is provided, as
is the LD Peur between the new peak and that SNP, as well as the liledgIrfor this locus (CM
alone, Nevus alone, or pleiotropic for CM and nevus cdbwei(lapping 2018 Nevus+CM locus;
rsiD, LD r2 between lead SNPs, and2018 M odd!).

TheM oddl field indicates which GWAS-PW model has a PPA > @&I{ne M ethods); model 3,
pleiotropic for CM and Nevus count (CM+Nevus) or Model M(&lone). No loci were associated
with model 2, Nevus count alone. Where appropriate weradscate is this locus is pleiotropically
associated with pigmentatio@(line M ethods, Supplementary Table 10).

We summarise the stouffer’s method meta-analysis and GWAS-PW approach (Online methods).
For the peak locus SNP in fieddl D we provide the Z score and it variantg for the total CM
GWAS meta-analysisM ), the Nevus GWAS meta-analysisgyus). The P-value from Stouffer
meta-analysis of bottCM + Nevus P). GWAS-PW assigns SNPs kd blocks, and the hgl9 start
and end bp for each is provided as well as the maximum Z faro@ or Nevus for SNPs within
each block. The PPA for GWAS-PW models for the assoaigignal at each block being CM
alone, Nevus alone, or CM + Nevus are provided. GWAS-PWrasmrts a 4th model, where the
signal is co-located but independant. This is unlikely for s@aunt and melanoma, where nevus
count is a direct risk for melanofffand as such all model 4 PPAs were dropped and scores for the
remaining 3 models reweighted to sum to 1. As all PPA vdauranodel 4 were all < 0.01 barring
locus 41, peak SNP rs9651783 on chromosome 11 which reach 0.03 upgairtisg that
colocation is an unlikely model for CM and nevus count,ritasle little different to the final model
PPA.
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Supplementary Table 10. Combined analysis of CM and hair colour GWAS.

The independent locus, as defined by LD calculations ingrésa in FUMA platform©nline
Methods), that is novel to previous reports and has a GWAS-PW h3pgdeiotropy, PPA> 0.5 is
reported CM + Hair colour Locus; Supplementary methods). Bolding indicates that the locus is
significant at a Bonferroni corrected P-value threshol ©fL.25x 108 ChromosomeGHR),

base pairBP) andrsiD are provided for the peak variant for each locus using hgl9qgrssit
Effect allele EA) and non-effect alleleNEA) as well as the freq of the effect alleleX freq) are
provided. [ For the peak locus SNP in fieklD we provide thenearest gene andnearest protein
coding gene.]. If the lead SNP is an eQTL for skin tissues in GTExlist the geneGTEX skin
eQTL gene); if the p-value is not significant following bonferracorrection ( > 0.05 divided by the
number of genes) the actual P-value is also reportedoviknve list the functional gene target
based on presence of a missense protein change, entified by a previous publication the gene
name and PUBMED ID.

If the Locus overlaps with a locus identified in the ta@hfirmed plus self-report CM meta-
analysis Table 1, Table 2, Supplementary Table 3) its number is noted her€§ Locus), as is
the peakCM rsID if appropriate, and the LC#ur (LD_r2) between the two SNPs.

TheM odel field indicates which GWAS-PW model has a PPA > @&I{ne M ethods); model 3,
pleiotropic for CM and Pigmentation (CM+Pigment) cod&l 1 (CM alone). Where appropriate we
also indicate is this locus is pleiotropically associatéd nevus count@nline M ethods,
Supplementary Table 9).

For the peak locus SNP in fieddl D we provide the Z scor&] and its variance\) for the total
CM GWAS meta-analysisOM), the Hair colour GWASHair), and the P-value from Stouffer
meta-analysis of bottOM + Hair P). GWAS-PW assigns SNPs t® blocks (50 SNPs wide),
and provided the maximum absolute Z score for CM or Héaucdor SNPs within each block.
The PPA for GWAS-PW models for the association sigh@ach blockRPA) being CM alone,
hair colour alone, or CM + hair colour are provided.
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Supplementary Table 11. Top melanoma TWAS genes using melanocyte eQTL dataasa
reference.

For genes whose expression in melanocytes is predictedsigriificantly associated with CM by
TWAS (Online M ethods), the transcript gene nam@éne) along with its hgl9 chromosome
(CHR), transcription start§tart) and end End) positions are reported. We also provide the peak
CM SNP’s rsID (CM rsID) and Z score for association with CM in the totahfconed plus self-
report) meta-analysisCM Z). In addition we report the rsID of the most significa@T& variant

in the locus from the 1000 genomes reference panel folathedtranscripteQTL Top Variant),
that variant’s eQTL Z score (eQTL Z), and that variant’s total GWAS meta-analysis Z-scoreGM

Z for eQTL variant). The number of variants included in the TWAS models&mh locus is
reported Number of variants), as is the weighted number of variasinber of Weight). For
each transcript the best performing TWR®del, and tsTWASZ andTWASP are provided. We
also providéeTWAS P cutoff that we applied based on the multiple testing correctlessribed in
Online Methods. To assist interpretation we note of if the significgeihe maps to a previously or
newly identifiedCM locus, and if so report the applicable peak SNP and locus nundyer fr
Supplementary Table 3 or is otherwrsav to CM. As done for independent SNPs identified in the
total and confirmed CM meta-analysis, TWAS genes identifie@gevithin 1 Mb of each other
were combined in a single locus. Finally we reported if this saanscript was reported as
significantly associated with CM by Zhang and colleafffleghich applied melanocyte TWAS to
the phase 1 CM dat&éported by Zhang; Y=yes, N=no).
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Supplementary Table 12. Top melanoma TWAS genesusing skin eQTL data asa reference.

For genes whose expression in three skin tissues (fos@&, not-sun-exposed, and fibroblasts)
within GTEXx (V7) is predicted to be significantly assoaiaitath CM by TWAS Online

Methods), the transcript gene nam@dne) along with its hgl9 chromosoméKIR), transcription
start Start) and end EEnd) positions are reported. We also provide the peak CM SNP’s rsID (CM
rsiD) and Z score for association with CM in the totaihfeoned plus self-report) meta-analysis
(CM Z). In addition we report the rsID of the most significa®TL variant in the locus from the
1000 genomes reference panel for the named transe@ptL( Top Variant), thatvariant’s eQTL

Z score €QTL Z), and that variant’s total GWAS meta-analysis Z-scoreGM Z for eQTL

variant). The number of variants included in the TWAS modetstiis locus are reported
(Number of Variants), as is the weighted number of variaitsinber of Weight). For each
transcript the best performing TWA®odel, and itsTWAS Z andTWAS P are provided. We also
provideTWAS P cutoff that we applied based on the multiple testing correctiessribed in
Online Methods. To assist interpretation we note of if the significgabe maps to a previously or
newly identifiedCM locus, and if so report the applicable peak SNP and locus nundrer fr
Supplementary Table 3 or is otherwrsav to CM. As done for independent SNPs identified in the
total and confirmed CM meta-analysis, TWAS identified gemiésin 1 Mb of each other were
combined in a single locus.
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Supplementary Table 13. Top melanoma TWAS genesusing all tissueseQTL dataasa
reference.

For genes whose expression in 45 GTEx (V7) tissues (exglddsgkin tissues shown in
Supplementary Table 12) is predicted to be significantly associated with CM BYAS (Online
Methods), the transcript gene nam@dne) along with its hgl9 chromosoméKR), transcription
start Start) and end EEnd) positions are ferted. We also provide the peak CM SNP’s rsID (CM
rsiD) and Z score for association with CM in the totahfooned plus self-report) meta-analysis
(CM Z). In addition we report the rsID of the most significa®TL variant in the locus from the
1000 genomes reference panel for the named transe@ptL( Top Variant), that variant’s eQTL

Z score €QTL Z), and that variant’s total GWAS meta-analysis Z-scoreGM Z for eQTL

variant). The number of variants included in the TWAS modeistiis locus are reported
(Number of Variants), as is the weighted number of variatsitnber of Weight). For each
transcript the best performing TWA®odel, and itsTWAS Z andTWASP are providedTWAS

P cutoff was set for each tissue based on the number of gerstsgoadheritability cutoff and being
tested within each tissue type (0.05/number of genes). P-\@lgeses that pass a Bonferroni-
corrected cross-tissue wide P-value cutoff (based ototAenumber of tested genes in 45 tissues,
N=211,941) are bolded. To assist interpretation we notetlo $ignificant gene maps to a
previously identifiedCM locus, and report the applicable peak SNP and locus number from
Supplementary Table 3.
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Supplementary Table 14: Tabulation of loci associated across primary and secondary
analyses

EachLocus is numbered in order (s&mnline M ethods for how loci are defined), and the positions
(CHR, BP) andrsID for the lead SNP are reported for the SNP with the strotges CM
associations signal (totalCM, TWAS results) or for lthe derived from the joint analysis, the SNP
with the strongest joint p-valu&ene prioritises the functional target if known, followed by
melanocyte or skin tissue TWAS data, or finally the clopestein coding geneSupplementary
Table 3, 11, and 12). For each of the named analyses we indicate with a “1” if the loci passes the
significance threshold for that analys&ipplementary Table 3, 9, 10, 11, 12).
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Supplementary Table 15. Colocalization of melanoma GWAS signal and eQTLsfrom
melanocytes and skin tissues.

eCAVIARIT_glwas used for testing colocalization of melanocyte anBx3Skin tissue eQTLs (listed
in eQTL dataset) for the reported gene (listed @ene column), and the melanoma GWAS signal
(here we report thEM GWAS locus, lead independer8NP). Fifty SNPs upstream of and
downstream from GWAS lead SNP in each locus were chosgpratuify the probability of the
variant to be causal in both the GWAS and eQTL studies.

We report the colocalization posterior probabiliBLPP), which is the probability that the same
variant is causal in both GWAS and eQTL. A cutoff of CLP@.01 was applied to the resulting list
of SNPs, and SNPs were further filtered using an 1 &utoff of > 0.9 with the GWAS lead SNP
(1000 Genomes, EUR population), as well as to those witmdisagt eQTL P-value
(<0.05/number of eGenes tested for each eQTL dataset).pdi tiee SNP with the highest CLPP
score for each gene, as well as itsiDwith the lead GWAS SNP, andeQTL P-value. Finally

we indicate if the gene is also significantly assodiatéh CM by TWAS in melanocyte or skin
tissues $upplementary Tables 11-12) .
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Supplementary Table 16. Enriched canonical pathwaysin genesidentified through TWAS
and colocalization from melanocyte or skin tissues.

All significant TWAS genes from melanocyt8upplementary Table 11) plus skin tissues
(Supplementary Table 12), as well as all colocalized genes identified by e CAVIAR iappio
melanocyte and 3 skin tissue datasStgpplementary Table 15) were queried as a gene list in IPA
analysis (Qiagen, version 46901286). Significantly enrichednseaigpathways are displayed (
log(P-value) > 1.3).
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Supplementary Table 17. Top 5 enriched upstream regulatorsin genesidentified through
TWAS and colocalization from melanocyte or skin tissues.

All significant TWAS genes from melanocyt8upplementary Table 11) plus skin tissues
(Supplementary Table 12), as well as all colocalized genes identified by e CAVIAR igplto
melanocyte and all 3 skin tissue datasBtgpplementary Table 15) were queried as a gene list in
IPA analysis (Qiagen, version 46901286). The top 5 enrithpstt eam Regulators are listed P-
value of overlap < 0.05;Molecule Type andTarget moleculesin dataset are also reported).
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Supplementary Table 18: Resultsfor UK BB salf-report set for threeloci no longer significant
following their removal from the total meta-analysis

For each locus that is no longer significant following ekelusion of the UKBB self-report set we
report the position and rsID for the lead SNP. For each SNiepeet the results for the total meta-
analysis, which includes all pathology-confirmed GWAS togetigr 23andMe and UKBB self-
report. We also report results for the meta-analysisowitklKBB self-report, and for UKBB self-
report itself. For each GWAS we tabulate the respetdiy@®©R) BETA), standard errorSE) and

P-value P).
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Supplementary M ethods
GWAS descriptions

Q-MEGA

1,617 CM cases were drawn from population-based studies undernaRaeaensland were
combined as The Queensland study of Melanoma: Environment antddG&ssociations (Q-
MEGA) study®™] CM cases were histologically confirmed using the QueenslandeE Registr{’]
All contributing studies were approved by the Human ReseatibsEEommittees of QIMR
Berghofer, University of Sydney, University of Melbournel @ancer registries of NSW, Victoria
and Queensland. Informed consent was obtained from allipartis.

Samples were genotyped in two phase using the lllumina HumanHap® Oharnl-Quad arrays
(San Diego, CA, USA), and to ensure maximum SNPs were reteinphase was cleaned, imputed
and analysed as QMEGA_610k and QMEGA_omni respectively.

Q-MEGA_610k: 926 Q-MEGA cases were combined with 1,799 unrelated controlsypeadoon

the lllumina HumanHap610 from the Brisbane Adolescent Twidy 2?3 20% of the samples

were a singleton from twin pairs or sibling sets, with tbmainder drawn from parents of twins.
Controls were further supplemented by 2,155 endometriosisifsagenotyped using the lllumina
HumanHap670 array (San Diego, CA, UEA)Controls who self reported melanoma in themselves
or a family member were excluded. Following cleaning (3ekne M ethods) there were 912 cases
and 3,777 controls and 487,089 autosomal SNPs.

Q-MEGA_omni: 691 Q-MEGA CM samples were with 553 healthy cancer-fre&raisrfrom the
Study of Digestive Health (SDHJ] After QC ©nline M ethods) there were 656 cases, 538
controls and 767,979 SNPs available for imputation.

AMFS

549 cases with histopathologically confirmed invasive CM, andc#@lage and sex-matched
controls from Melbourne, Brisbane, and Sydney, Austraere drawn from the Australian
Melanoma Family Study (AMFE}| The outlined study was approved by the Human Research
Ethics Committees of the University of Sydney, Universityielbourne and cancer registries of
NSW, Victoria and Queensland. Informed consent was obtaioaddll participants. AMFS
samples were genotyped using lllumina Omnil-Quad (San DiegdJSA) . After QC (see online
methods) there were 535 cases, 427 controls and 791,961 SNPs.

WAMHS

DNA samples were available from 1,289 CM cases from théaihfedustralian Melanoma Health
Study (WAMHSJ]®| The WAMHS population based study was collected from Pettstralia

based on histopathology confirmed invasive, cutaneous nmeaoases in the Western Australian
Cancer Reqgistry.

WAMHS CM cases were genotyped using Infinium HumanOmniExpressEotdevere
combined with two control sets on matching arrays. Thevies 960 Australian individuals
(including healthy individuals, and a subset with ulceeatwlitis) genotyped on the Infinium
HumanOmniExpressExome arrays from the Inflammatory Baigelkse (IBD) Clinical and
Research Programme at the Royal Brisbane & Women’s Hospital Brisbane, Queenslandﬂ The
second was 1,298 advanced glaucoma cases from the ANZRAGalkurs& New Zealand
Registry of Advanced Glaucoma; 651 were genotyped on OmnilM anohcéhé
HumanOmniExpress arrays from lllumina (San Diego, @8A). Controls were not screened for
melanoma. Following GWAS cleanin@fline methods), including filtering to a common set of
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SNPs that passed QC across all arrays, 1,237 melanomalg@86s;ontrols, and 567,914 SNPs
were available for imputation.

This work was undertaken with ethics approval from The UniweesitWestern Australia and the
Department of Health Western Australia, with ANZRAG in@dusapproved by the Southern
Adelaide Clinical Human Research Ethics Committee. Indarconsent was obtained from all
participants.

UK Biobank

A full description of the UK Biobank dataset and the qualitytomol and imputation approaches
applied are described elsewH&eBriefly, UK Biobank is a volunteer cohort of approximigt
500,000 persons recruited between 2006 and 2010. Besides answeoad eabge of questions,
participants gave permission for their health recordetadocessed and for linkage to national
cancer registries which record pathologically and clinyodithgnosed cancers; for melanoma
essentially all diagnoses have pathological veriicatThe Cancer Registry records were searched
for diagnoses made under ICD9 (172.x) or ICD10 (C43.x). Ové&réh9 cases were identified

with one or more diagnoses with the date of first disggranging from 1968 to 2015 at the time of
this analysis; about 40% of diagnoses were incident (falipwecruitment) while the remainder
were made prior to recruitment into UK Biobank. UK BiobanKipgrants also self-reported cancer
diagnoses at recruitment; overall 1,651 participants fwchBrmed diagnosis of melanoma without
a self-report of melanoma (the majority of these caréd diagnoses being after recruitment, the
time at which self-reports were made), 1,873 reported melarmt did not have a confirmed
diagnosis and 2,008 had both a self-report of melanoma emwifiemed diagnosis.

Within UK Biobank, biological samples were available denetic analysis from 488,000
participants. The majority of participants were genotyped wsimgrpose designed UK Biobank
Applied Biosystems Axiom array assessing 826,000 SNPs and indelgudlity control and
imputation approaches applied are described elsefffjds& Biobank provides a lists of
participants whose genetic results should be excludeledmaisis of poor performance or close
relatedness; these persons were excluded in our analgsiscuropean outliers were identified
using the same approach that UK Biobank apply to their “Caucasian” definition: the ‘aberrant’
routine in A%9was applied to PCs 1&2, 3&4 and 5&6, but anyone declaring themselbeswhite
was included in this analysis (where UK Biobank automatically exclude “Irish” and “any other
white background”); the lambda parameter used was 100.

Following the application of QC and restriction by angeatr described above, we included 3,499
individuals with confirmed melanoma from the cancerstygiand a further 1,802 individuals with
self-reported melanoma without cancer registry confionaflhe confirmed and self-reported
cases were analysed separately, in a case-controlianaysg four times as many controls as
cases, randomly selected from UK Biobank.

Analysis was conducted in PLINK2 correcting for populatiorti§itation by including PCs 1-15
as covariates.

Michigan

The Michigan Genomics Initiative (MGI) is a repositorypatient electronic health and genetic
data at Michigan Medicif®] MGI participants are recruited primarily through pre-suagic
encounters at Michigan Medicine and consent to linking oftgeard clinical data for research
purposes. Blood derived DNA was genotyped on lllumina InfiniumeErome-24 bead arrays
(San Diego, CA, USA). Genotype data was imputed to the Hapl&gference Consortium using
the Michigan Imputation Server, providing > 17 million imputedards after standard quality
control and filtering (minimac imputation’® 0.3). We restricted our analysis to samples of
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European descent based on Principal Component Analysis bsifipiman Genome Diversity
Panel as referend€§ The CM phenotype was derived from ICD-9 codes extracted fratient
electronic health records using the PheWAS R padiRgte identified 1,198 CM cases samples
required to have at least two inclusion ICD-9 codes foanmha and 26,211 controls with zero
inclusion or exclusion codes. The association anatysisisted of a Firth bias-reduced logistic
regression controlling for sex, age and 10 principal compsen&hte Firth test corrects for
imbalance in case-control rdfidand was performed using the epacts software
(https://github.com/statgen/EPACTS).

GSXP1 & P2

GenoMEL Phase 1 and 2 are updated relative to previous [éfevith CM samples from the
Leeds melanoma cohort now included in the GSEdinCIDR dafésea more detailed description
sed?? but briefly phase 1 includes cases with histologicalfiomed CM from 7 collections
centres from 5 European countries genotyped on the IlllurimaanHap300 BeadChip and
HumanCNV370k arrays (San Diego, CA, USA). Controls were delieby the same groups as
cases and were melanoma-free. After QC there were 1,086 aag 2,163 controls. Phase 2
samples includes cases and controls from 9 centres (fbna@vase 1) from 8 Europeans countries
plus Israel, totalling 925 cases and 1,128 controls, with geingtgerformed on the lllumina
HumanHap610 array.

GSEdIinCIDR - Leeds/Cambridge/Scotland

Cases are from two sources. 2,949 are from severa¢stindm Leeds and 1,379 from the
Cambridge SEARCH study. Both were genotyped on the llluminaidmii
HumanOmniExpressExome (San Diego, CA, USA) array.

The Leeds data are predominantly from the Leeds melkawcohort, a population-based melanoma
study recruited population-based incident melanoma casa®ogid) between September 2000 and
December 2012 from a geographically defined area of Yorkshire aitbttigern region of the UK
[>3%39 Cases were identified by clinicians, pathology regisiatsvia the Northern and Yorkshire
Cancer Registry and Information Service to ensure dwseértainment. For all but 18 months of
the study period, recruitment was restricted to patientsBveklow thickness of at least 0.75mm.
All controls and the first 960 cases recruited were examingchiogd interviewers who performed
a standardized examination of the skin, recording nevnbtoaical site and size.

CM cases were identified and recruited from the Eagancer Registry and Information Centre
(Eastern England) by the SEARCH study, University of Cambfiég] CM cases were aged 18-70
at diagnosis. 5,304 of the controls are from Generatotlehd, sampled to preferentially select
those individuals reporting English ancestry. 476 of theérosnare from the Leeds Melanoma
Cohort, selected to be matched by age and GP surgery to ¢éise The Leeds controls were
selected to be melan@free while the Generation Scotland controls are simphufation

samples.

In Leeds participants consented to studies approved by theekoend Yorkshire Research Ethics
Committee. Approval for the SEARCH study was obtained frioerEastern Multicentre Research
Ethics Committee, UK. Informed consent was obtained frib peaticipants.

MDACC

The MDACC dataset consists of 931 white (non-Hispanicyiddals with cutaneous melanoma
who were recruited together with 1,026 cancer-free contrd(s or acquaintances of patients
reporting to other clinics at M.D. Anderson). Controlsevieequency matched on age and sex. The
The GWAS CM dataset also includes an additional 873 indilddarasenting for treatment for
cutaneous melanoma at M.D.Anderson. All samples wdlected between March 1998 and
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August 2008. Samples were genotyped using the lllumina HumanOmndL.-Qu8 B array (San
Diego, CA, USA) and called using the BeadStudio algorithm. A rdetailed description of the
QC procedures applied to these data can be found els¢tHesestudy protocols were approved
by the Institutional Review Board at MD Anderson, and infatroensent was obtained from all
participants.

Harvard

410 pathologically confirmed invasive CM cases and 2,920 melanmemadntrols were drawn
from US non-Hispaic Caucasian participants of two cohorts; the Nurses’ Health Study and the

Health Professionals Follow-up Study who were genotypddummina HumanHap660 arrays (San
Diego, CA, USAPY). Cohort recruitment required informed consent, and dtbieasight and
approval was via the Institutional Review Board at Brighath\Wiomen's Hospital and the Harvard
School of Public Health. Following QC, imputation to 1000 gengmhese 1 Integrated Release
Version 3 Haplotypes (2010-11 data freeze, 2012-03-14 haplotypespnaiscted using MACH
[*#] Only SNPs with a MAF > 0.01 were carried forward for anglysing logistic regression; age,
sex, family history of melanoma and the first 5 princg@ihponents were included as covariates.

EPIGENE

787 CM cases genotyped on the Illlumina CoreExome arraylfego, CA, USA) were available
from the EPIGENE cohort, which recruited histopathologycatinfirmed invasive CM cases (with
informed consent) from southern Queensland, Ausff3li@aM cases were aged 18-79 at the time of
diagnosis, and were diagnosed between Aprd07 and September 30, 2010.

These were combined with 983 healthy controls from thebBnie Adolescent Twin Stuffy?3
genotyped on the lllumina CoreExome array (San Diego,lS%); control samples were selected
to be unrelated (PLINK IBD PI_HAT < 0.1875) to each other, to HNE samples, and to
controls used in the QMEGA_610k GWAS. Following QC as perfdrfoethe other GWAS sets
(Methods) there were 773 CM cases and 910 controls. Genotyfgedamimputed to the HRC as
outlined in theOnline M ethods. The study protocol was approved by the HREC of QIMR
Berghofer Medical Research Institute, Brisbane, Australi

MIA_PAH

Clinically confirmed CM cases were were drawn from partiipahree cohorts genotyped on the
lllumina Oncoarray (San Diego, CA, USA). Germline DNA sas@nd data from the Melanoma
Institute of Australia (MIA) cohort (1,745 cases) wereagrigd from the MIA Biospecimen Bank
(protocol HREC/10/RPAH/530), which is based on an Institute-wide pctogperotocol of
registration and clinical data collection from alllar@ma cases (MIA Melanoma Research
Database, protocol HREC/11/RPAH/444). All MIA cases were confirmdddbgpathology. A
further N = 236 were recruited from the Princess Alexandisplt and Brisbane treatment centres
(PAH). All patients with melanoma recruited into the PAbdy were diagnosed with locally
invasive primary cutaneous melanoma and referred to thediaiplinary Melanoma Clinic at the
Princess Alexandra Hospital and related clinics. Patightsproceeded to a sentinel lymph node
biopsy procedure between 1994 and 2007 were considered for inclésitent demographics,
date of diagnosis and clinicopathological charactessif the primary melanoma for each patient
were prospectively recorded in a hospital database thrbeghAH surgical clinic. Consenting
patients were sent a saliva kit for DNA collection. Thied set of samples was participants in the
Q-MEGA cohort not previously genotyped an unrelated (IBD < Quith) participants in the Q-
MEGA omni and Q-MEGA 610k GWAS (N = 60).

Controls were cancer free women genotyped on the lllu@nm@array (San Diego, CA, U%
drawn from the population based controls of the Austr&haarian Cancer Study (N =1,1
combined with N = 1,794 UK cancer free controls (all femtateh the SEARCH stud$f] PCA

was used to confirm cancer free controls were homogenolishgitAustralian cases and controls.
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GWAS samples were cleaned as per other datasets (Onlineddethroaddition to the standard
genotype QCQOnline M ethods) the Oncoarray genotype data was first cleaned and alagper
Oncoarray Consortium protocols to remove poorly performisgugs specific to that anfa3 After
QC and cleaning there were 1,933 CM cases (N = 1,641 from thesé1) 232 from the PAH set ,
and 60 from Q-MEGA). 2,841 controls were available afteardfey (AOC N = 1,113, SEARCH =
1,778).

MELARISK, France

Additional clinically confirmed CM cases and controls evavailable from two French cohorts
contributing to GenoMEL Phase 1 and 2; MELARISK (535 c4&ta)d the Supplementation in
Vitamins and Mineral Antioxidants (SU.VI.MAX) study (856 contrelsopulation samples not
screened for melanonf@®%. The project was approved by the Human Research Ethics
Committees of PARIS SAINT-LOUIS, PARIS NECKER and lle darfee Il for the MELARISK
study and from the Human Research Ethics Committee BI® £ochin for the SU.VI.MAX
study. Informed consent was collected for all individuatspart. Following genotyping on
IHUman660W-Quad array (San Diego, CA, USA) at the Centr@hatde Genotypage (CNG,
Evry, France), QC as per the Online Methods were applietl @511 melanoma cases and 815
controls were available for GWAS.

Essen-Heidelberg, Germany

Histologically confirmed CM cases (N = 1,218) were genotypatdyube Illumina
HumanCytoSNP-12v1-0_D arrays (San Diego, CA, USA). These wemnbioed with healthy
controls (N = 1,223) from Germany genotyped on the lllumina &#h@mniExpress12_vl1_C array
(San Diego, CA, USA). The combined genotyped data was thinribd 220,000 SNPs

overlapping across the arrays before applying the stantncirng and quality control (Online
Methods). Participation required informed consent, andtilndy was approved and overseen by the
Human Research Ethics Committee of University Hospitaditss

Qskin

Data for 17,695 individuals genotyped using the Illlumina Globade3tng Array (San Diego, CA,
USA) was available from the QSkin coHit Following excluding participants with > 5%
genotype missingness (n = 322), were related to another pantict PLINK IBD PI_HAT >
0.1875 (N = 400), or were more than 6 sd on PC1 and PC2 comparEdropaan reference
population constructed using 1000 genomes data (N = 378; some iadBvickerlap across
exclusions), 16,708 participants were available. Genotyped @iifescleaned for GenTrain score
<0.6, Hardy-Weinberg P-value < 1 x8®r a minor allele frequency (MAF) < 1%, leaving
496,695 SNPs for imputation. Imputation was performed using the UtnywefdVichigan

Imputation Server as per the other GWAS datasets (Onlineads). Cleaned, imputed data were
split into a CM GWAS set (N = 1,285 with histopathologicaiynfirmed CM and 2,493 controls
without melanoma) and a distinct Nevus GWAS dataset (N2302, The CM GWAS was
performed using logistic regression in PLINK v1.9 with fingt 10 principal components fitted as
covariates. The QSkin nevus phenotype was a self repbgeiht scale (None, some, a few, many
based on a reference picture| b&es://gskin.gimrberghofer.edu.au/page/About/Baseline_s)irvey
Following rank normalisation in R. this was analysed usindNRLv1.9 as a quantitative phenotype
with the orthoganol transformation of age, agex, sex x age, and sex x aged the first 10
principal components fitted as covariates.

Brisbane Nevus M orphology Study

The ethical aspects of this research project have dgieen approval by the Human Research Ethics
Committee of Princess Alexandra Hospital and The Univeo$iQueensland. Patients and controls
for this study were all enrolled in the larger Brisbalaevus Morphology Study, (BNMS) study
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run by University of Queensland Dermatology Research CeRaeruitment of patients was via
referral with patient consent from treating doctor (dahg private and public hospital clinics) or
some patients had heard about the trial from friendamoily and self referred. Controls were
people with no history of melanoma who volunteerediierBNMS, often due to knowledge of it
via friends, family, or who were being seen in the derrogtotlinic and were offered

participation. Once identified, participants are contactecbgarch assistants and asked if they
would like to come for an in-person consultation and mafiggination, and if they elect to proceed,
to complete the consent process.

Patients are asked to provide a saliva sample using aBedition kit (Oragene-DNA self
collection, DNA Genotec, Ottowa, ON, Canada). A minimur@.bug of DNA was provided to
UQ Centre for Clinical Genomics (UQCCG) at the Transfa Research Institute (TRI) for high
throughput microarray processing. The concentration reorgée submitted samples was 100 to
300ng/ul, aliquoted in 96-well semi-skirted PCR Plates (Axygeengfic) and sealed with Clear
Self-Adhesive Topseal (PerkinElmer). These samples genetyped on the Illlumina Infinium
Microarray on HumanCoreExome-24.

To account for the family structure in the BNMS sampleadgegata was analysed using the
Genome-Wide Efficient Mixed Model Association (GEMMA) algbr[®’ The ordinary least
squares beta output from GEMMA regression was convertetbtpalds ratio a using a simplified
formula adapted from the first term of the formula pded by°Yof B/(C(1-C)), where B is the
ordinary least squares beta and C the proportion o case

23andMe

Self reported CM cases were defined as having answered yeppaed melanoma for at least one
of the following question asked to 23andMe, Inc. participantsiaye you ever been diagnosed by
a doctor with melanomd?2) “What type(s) of cancer were you diagnosed with? Please check all
that apply.”; 3) "What type(s) of skin cancer did you have? Please atdcit apply.”; 4) "Have
you ever been diagnosed with melanoma?"; 5) "Have you ever been diagnosednatieat for

any of the following conditions?” with the list including‘Melanoma’. Cancer free controls were
drawn from those who answered No, or not reporting melantinzany of the above questions, and
without responding yes to any of these questions. Furthdrptoanswered No to at least one
general cancer questions, and Yes to none 1) "Have you eredizgnosed with cancer, including
skin cancer or cancerous moles?"; 2) "Has a doctor ever told you thdyea type of cancer?";
3) "Have you ever been diagnosed or treated with any of the following conditions®r Camgc

type’.

DNA samples were genotyped using one of four genotyping ptagfadwo variants of the Illumina
HumanHap550+ BeadChip (V1, V2), a custom lllumina OmniExpress+ BeadChip (V3) with
improved overlap with the V2 array, and a custom array (Vdigded for 23andMe, Inc. from
lllumina that overlaps with the V2 and V3 arrays and imptos@verage of lower frequency SNPs.
Samples were filtered on < 98.5% call rate, < 97% Europezsstay when compared to 1000
genomes reference panels, or more closely relateddyh&n first cousins. Genotyped SNPs were
filtered for being non-polymorphic; failing parent offspringtss HWE P < X 102% genotype
missingness >= 10% or exhibiting batch effects across the ASGaktays used. SNPs were
imputed by genotyping batch (V1-V4), with 945446 SNPs passing QC abeokatthes.

Following imputation to the September 2013 release of 1000 Genehaesel reference panel
using Minimac2, there were 12833621 SNPs in total with 9,829,439 exceegiiimn quality
threshold (INFO) > 0.5. Variants in the HLA region, inchiglimputed HLA alleles for HLA-AB,

C, DPBL1, DQA1 DQB1, and DRBL1 loci at four-digit resolution, were imputedgsiiBAG6.
Imputed HLA alleles were otherwise analysed as dosage dp&a t# rest of the imputed
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genotype data. Logistic regression using genotype dosages \aasneerwith Age, sex and PC0-4
(first 5 Pcs) as covariates.

Athens— Andreas Sygros Hospital Study

The Athens sample is a case-control study that coleatdanoma cases from Andreas Sygros
Hospital and the Medical Oncology Center of Laiko Ho$pithese are large referral centers for
melanoma and skin cancer that receives the majdrityetanoma cases in Athens and central
Greec@? Melanoma cases were defined as individuals with a histalthgiconfirmed diagnosisfo
invasive melanoma between 2000 to 2014. Melanoma-free cowerdscollected from blood
donors of an Athens blood donation center or individugtls minor skin diseases and no history of
skin malignancy who attended the hospital outpatienicgeor who were hospital personnel. All
participants were older than 18 years. Demographic variabigaeptation traits (eye, hair, and
skin color), skin phototype, tanning ability, and informati@m clinical examination were
obtained through a questionnaire that was filled out by alicjzahts under the supervision of a
certified dermatologist who performed the clinical exariama The questionnaire and clinical
examination was conducted for both melanoma cases andlsofitie participation rate was
approximately 95% for patients and 90% for controls. The gpuokypcol was approved by the
Scientific and Ethics Committee of Andreas Sygros Hospitad, all participating individuals gave
written informed consent before study participation.

Athens— Hellenic Cooperative Oncology Group (HeCOG)

Melanoma cases from this study were previously enrollddiai 13A/98, a prospective,
multicenter, randomized phase Il trial conducted at 13tirigtns by the Hellenic Cooperative
Oncology Group (HeCO®}] The trial enrolled patients with histologically confied primary
cutaneous melanoma between 1998 and 2004. Eligible cases were also required to be >18 years of
age with an ECOG performance status <1, adequate organ function and no significant medical or
psychiatric comorbidity. Cases were excluded if they hagived prior adjuvant chemotherapy,
radiotherapy or immunotherapy. Melanoma-free cositn@re randomly selected healthy unrelated
Greek individuals. All participants gave informed consent tagiaate in the trial. This study was
approved by the ethics committees of the Hellenic Cooper@atia®logy Group, University
Authorities and “G. Gennimatas” Hospital.

Barcelona — M elanoma: Image, Genetics and Immunology Study

The Melanoma Unit of from IDIBAPS (Barcelona, Spal@spital Clinic of Barcelona, and
CIBERER (Instituto de Salud Carlos Ill, Spain) starteduitiog familial and sporadic melanoma
cases and controls in 1992. The collection consistsefias of case-series, case-control and cohort
studies from Barcelona, Spfh® Since 1999, data has been collected on clinical infaomat
follow-up, and biological species. Melanoma cases welnatkfs individuals with clinically
diagnhosed melanoma based on histopathological evalu@tiontrols were cancer-free individuals,
some of which were non-affected family members recruitethfoilial melanoma studies. In the
case-control melanoma studies, the controls used lwapersonal or family history of melanoma.
Matching was performed based on age and gender for some indludes.s

Cyprus

The Cypriot cohort consisted of 32 histologically confidmrelated cases of malignant melanoma
and 201 healthy controls. The control samples were cdiregervolunteers participating in the
MASTOS stud{fq All subjects were above 18 years.

Cesena

The Cesena study is a case-control study conducted at MliBtfospital, Cesena, Italy. Cases
are cutaneous melanoma cases with histopathologicatroatibn which included hematoxylin and
eosin staining, HMB-45, S100, and Melan-A (MART-1) makers. Healtimgrol subjects were

49


https://paperpile.com/c/PTQOZb/gZ8u
https://paperpile.com/c/PTQOZb/u3xc
https://paperpile.com/c/PTQOZb/rEsm+C5Ys+sBOn+yu3e+7NJE+v2k6+ZAIA+WhxY+0lGO+6QG8
https://paperpile.com/c/PTQOZb/bXYI

recruited from patient’s spouses or friends from in-patients or out-patients at the dermatologic
department mainly with diagnoses of streptodermitis, wapeous abscesses, lipomas, mild
contact dermatititis, hair or nail diseases. Costvadre melanoma free at time of recruitment and
matched to cases on age, gender and region of birth. Atipants donated a sample of peripheral
blood for molecular analysis and were examined by a singlegerysvho reported data on
pigmentation, nevi and other skin characteristics. attipipants provided written informed
consent and responded to an interview-based questionnairdanmoma risk factors.

Genoa - The Genoa Study

The Genoa study is a hospital based case-control stundlyicted at the Genetics of Rare Cancers
Unit at the San Martino University Hospital in Genoayld IRCCS AOU San Martino-IST
Research Hospitl? °Y Cases were cutaneous melanoma patients recruited oyersthis years
referred for clinical genetic testing. Cases were etperadic or affected by multiple primary
melanoma or were probands from melanoma families. Aksavere 18 years of age or older with
a histologically confirmed in situ or invasive cutaneous n@i@n Controls were healthy
volunteers or spouses 18 years old or older who were mtinithe same period as the cases and
matched by gender, age and place of residence. Particqmardted a sample of peripheral blood
for molecular analyses as well as filled out a detailed queestice on hair, eye and skin color, sun
exposure, and history of melanoma. A trained intervielger assessed presence of freckles and
nevi. All participants provided written informed consent andstiely was approved by the Ethics
Committees of the participating Institutions.

L’Aquila

The Department of Dermatology of the University of L’ Aquila, Italy recruited familial and sporadic
melanoma cases and controls for study participffid) Familial melanoma cases were defined as
patients from melanoma families with at least 2 filstsecond-degree relatives or with at least 3
documented cases of melanoma irrespective of the defirelatedness. Sporadic melanoma cases
were defined as patients consecutively presenting with histolpgically confirmed sporadic
primary cutaneous melanoma of any stage either ag difignosis or during the periodic follow-
up. Controls were individuals free of melanoma at tifnrgtuwdy entry. Only controls related to
sporadic melanoma patients were recruited. Control indivsduate matched to cases by gender,
age (within 1 year), ethnicity and residential area ane wensecutively recruited in the same
period from patients with allergic disorders, skin infesi, psoriasis, ulcers or autoimmune
diseases referred to the same department. All sporadfaieiical melanoma patients and control
individuals were of Italian origin. Basic demographic infatimn and phenotypic characteristics of
patients were collected through a standardized question8&ireexamination was performed by a
dermatologist who evaluated skin type, hair color, @ercnumber of melanocytic nevi and
presence or absence of clinically atypical nevi.

Milano

The Milano study is a case-control study conducted dadhdazione IRCCS Istituto Nazionale
Tumori in Milan, Italy. Melanoma cases were defined depts hospitalized for surgical treatment
of melanoma at the Melanoma and Sarcoma Surgery Unitaddls of melanoma were confirmed
by histopathology. Controls were melanoma free at stuty end recruited from healthy blood
donors from the Immunohematology and Transfusion Meditinit. No matching of controls to
cases was performed. Phototype information was obtaineddifradsninistered questionnaire.
Atypical nevi and phototypes were defined by a single clinician.

Padua

The Padua study is comprised of melanoma-prone familiésavieast 2 melanoma cases referred
to the Veneto Institute of Oncology (I0V) in Padua, IFEIY] All cases of melanoma were
confirmed by pathology reports. Family history and phenotigatures were obtained from
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personal interviews using a standardized questionnaire. pelfted hair/eye/skin colour was
recorded using reference colour classes. Presence/aliddreckles and nevus count were defined
according to physical examination by a trained dermatoldgesttrol participants were healthy
individuals without personal or family history of melanowlfao were donors at the Blood
Collection Center, Hospital Transfusion Centre of Padillanelanoma patients and control
individuals were of Caucasian origin and living in Veneteegion in the North-East Italy. Written
informed consent was obtained by all participants é&dah the study and the project was
approved by the institutional local ethical committee.

Roma

The Roma study is a series of familial and sporadic roefarcases recruited from the Institute of
Dermatology, Catholic University Rome, Italy since 2014nifial melanoma cases were defined
as patients from melanoma families with at least ?-fossecond-degree relatives or with at least 3
documented cases of melanoma irrespective of the defirelatedness. Sporadic cases were
defined as patients consecutively presenting with histologfically confirmed sporadic primary
cutaneous melanoma of any stage either as a firstatizgor during the periodic follow-up. All
cases were confirmed by histopathological review of melantssue slides. No controls were
recruited that were related to sporadic melanoma pat#&steindardized questionnaire was
administered by physicians trained in data gathering toct@mographic information and
phenotypic characteristics. Skin examination was perfdrnyea dermatologist who evaluated skin
type, hair color, eye color, number of melanocytic red presence or absence of clinically
atypical nevi.

Valencia

The Valencia study consists of sporadic cases, fami@#sand melanoma-free cotdfd

The sporadic cases consistedspainish cutaneous melanoma patients recruited at the Depart
of Dermatology, Instituto Valenciano de Oncologia, a refeskin cancer center for the provinces
of Valencia, Alicante and Castellon, with a catchment pojpulatf approximately 5 million
people. All cases are histopathologically confirmed melancamas by an expert pathologist
devoted to skin cancer pathology and were treated at ther c€fihical and pathological data from
the patients were prospectively collected since January 20fththe review of medical history,
personal interview and clinical examination by expert derimgisis. Controls are disease free and
ethnically matched blood donors recruited at the Transfu&gorer of Valencia between
September 2008 and January 2009. All the epidemiological andtgpencharacteristics of skin
were obtained from a structured questionnaire performdu d@inbe of blood sampling.
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