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Supplementary Note 

Quality control (QC) results 
 

Call rate 

We excluded 420 individuals (79.2% of the overall exclusions) whose single nucleotide polymorphism 

(SNP) call rate was below 97% for the array on which the sample was genotyped. These individuals 

predominantly came from the French controls (253 individuals – 60.2%). 

 

Non-European Ancestry 

In total 64 (1%) individuals (12.1% of the overall exclusions) were removed from subsequent analyses on 

the basis of apparent non-European ancestry (35.9% or 23 individuals were from the French controls), with 

a number of these subsequently confirmed with research records. 

 

Sex and relatedness 

 

Sex as inferred from genotyping did not matching reported sex in 18 individuals (3.4% of the overall 

exclusions). 28 samples (5.3% of the overall exclusions) were removed either because they were identical 

to or estimated to be first-degree relatives of other samples. The majority of these were case-control pairs 

and the control samples were removed from further analysis. 

 

Overall QC 

In total, 530 (8.9%) samples failed one of these QC criteria (more than half of them from the French control 

set) and were excluded from subsequent analyses. Of the GenoMEL samples, 1539 cases and 979 

GenoMEL controls passed all QC criteria; these were all genotyped at the Service XS laboratory in Leiden 

(mean call rate 99.6%) apart from 537 cases genotyped at Centre National de Génotypage (CNG) in Paris 

(mean call rate 99.1%). Of the other control sets, 1543 French controls and 1395 UK controls passed QC, 

giving a total study size of 1539 cases and 3917 controls with a mean call rate of 98.7% (Supplementary 

Table 1). Of the cases 1476 (96%) met the criteria defined to enhance for genetic risk. 

 

  



Falchi et al GWA study of nevus count variation 

In an accompanying article Falchi et al1 report a genome‐wide association study of nevus count 

variation. As described in the introduction to this report, nevi are a major risk factor for melanoma; 

in particular individuals with increased numbers of nevi are at increased risk of developing 

melanoma. The Falchi et al study reports an analysis of unselected UK twins whose nevus count has 

been determined by trained examiners. Their genome‐wide study identifies two regions containing 

genes associated with variation in nevus number which are then replicated in an Australian 

population. One of these regions on chromosome 9 overlaps with that determined in this study.  

 

The combination of the two studies suggest that the genetic regions on chromosomes 9 and 22 are 

associated with nevus count variation and this variation influences the risk of melanoma. To examine 

this hypothesis further requires studies which combine participant information on melanoma and 

nevus count. For this reason the Leeds case‐control study was examined to test the support for this 

hypothesis. The analysis therefore examines the case‐control study simply looking at SNPs in the 

chromosome 9 region with and without adjustment for nevus count. The findings support the 

speculation that the genetic region predominantly influences melanoma through nevus count 

variation.  

 

In terms of samples there are differences in the numbers of cases and controls reported for GenoMEL 

study as compared to Falchi et al. The discrepancy arises because for the analysis of melanoma risk in 

the Falchi et al analysis the Leeds study is regarded as testing the hypothesis of the role of nevi; this 

analysis is based on all cases and controls. In the GenoMEL study where the same case‐control study 

is used to replicate the risk of melanoma the replication can only include those individuals who did 

not contribute to the genome‐wide phase of the analysis. Thus there are fewer individuals recorded 

in the GenoMEL section of the Leeds case‐control study than in the Falchi et al analysis. 

QQ plot 

We produced quantile‐quantile plots, using the results of the trend test for 287794 SNPs with a 

callrate of at least 97% and excluding some with a very low minor allele frequency. Estimates of 

over‐dispersion 2 were λ=1.14 for the unstratified analysis, λ=1.06 for the analysis stratified by 

region, and λ=1.03 for the analysis adjusted for region and the first three principal components (from 

the Principal Components Analysis (PCA) of the GenoMEL samples). These results suggest that there 

wasn’t a great deal of stratification in our sample and that what stratification there was, was 

adequately corrected for. 

 



“Genetic enrichment” of replication samples 

Replication cases were chosen preferentially to be genetically‐enriched, categorised as having either 

(i) a family history or (ii) multiple primaries (without a family history), or (iii) onset before the age of 

40 years (in the absence of a family history or multiple primaries).  A few persons from GenoMEL 

groups were genotyped and subsequently found not to have one of the risk criterion (“No criterion”). 

The Leeds cases from the case‐control study were not selected to satisfy these criteria. 1149 of the 

cases and 964 of the controls in the replication sample were from GenoMEL and 1163 cases and 903 

controls were from the Leeds case‐control study. 47% of the GenoMEL replication samples were 

classified as having a family history, 25% as having multiple primary melanoma, 24% as being early 

onset cases and 3% fulfilling no genetic enrichment criteria. Of the replication samples from the 

Leeds case‐control study 10% had a family history, 2% multiple primary melanoma, 15% early onset 

and 72% fulfilled no genetic enrichment criteria. 

 

Genotype specific risk 

Genotype‐specific risks for the five replicated loci in this study were estimated and little evidence 

was found for departure from additivity. The genotype specific risks (and 95% confidence intervals) 

for the top SNPs in our replicated regions on chromsomes 9, 11 and 16 are: 

rs7023329 (chromosome 9): 0.89 [0.81, 0.99] for heterozygotes and 0.73 [0.64, 0.82] for 

homozygotes 

rs1393350 (chromosome 11) 1.21 [1.10, 1.32] for heterozygotes and 1.80 [1.54, 2.09] for 

homozygotes 

rs258322 (chromosome 16) 1.70 [1.53, 1.89] for heterozygotes and 2.42 [1.74, 3.37] for 

homozygotes 

For the two regions on chromsomes 20 and 22 we followed up on the basis of the findings of other studies 

the genotype specific risks and 95% confidence intervals are: 

rs1885120 (chromosome 20): 1.75 [1.46, 2.09] for heterozygotes and 1.34 [0.67, 2.68] for 

homozygotes 

rs2284063 (chromosome 22): 0.81 [0.71, 0.93] for heterozygotes and 0.68 [0.55, 0.84] for 

homozygotes 

All of the above estimates are based on the results of the genome‐wide study and the replication 

samples except for rs1885120, which was not genotyped in the genome‐wide study. 



 

GenoMEL Collaboration 

Australian Melanoma Family  Study:  Graham  J. Mann,  John L. Hopper,  Joanne F.  Aitken, Bruce K. 

Armstrong, Graham G. Giles, Richard F. Kefford, Anne Cust, Mark Jenkins 

Barcelona: The participants of GenoMEL in Barcelona: Paula Aguilera, Celia Badenas, Cristina 

Carrera, Remedios Cervera, Francisco Cuellar, Daniel Gabriel, Melinda Gonzalez, Pablo Iglesias, Josep 

Malvehy, Rosa Marti‐Laborda, Montse Mila, Zighe Ogbah, Joan‐Anton Puig Butille, Susana Puig and 

Other members of the Melanoma Unit: Llúcia Alós, Ana Ancero, Pedro Arguís, Antonio Campo, 

Teresa Castel, Carlos Conill, Jose Palou, Ramon Rull, Marcelo Sánchez, Sergi Vidal‐Sicart, Antonio 

Vilalta, Ramon Vilella. 

Brisbane: The Queensland study of Melanoma: Environmental and Genetic Associations (Q­

MEGA) Principal Investigators are: Nicholas G. Martin, Grant W. Montgomery, David Duffy, David 

Whiteman, Stuart MacGregor, Nicholas K. Hayward. The Australian Cancer Study (ACS) Principal 

Investigators are: David Whiteman, Penny Webb, Adele Green, Peter Parsons, David Purdie, 

Nicholas Hayward. 

Emilia­Romagna: Maria Teresa Landi, Donato Calista, Giorgio Landi, Paola Minghetti, Fabio 

Arcangeli, Pier Alberto Bertazzi 

Genoa: Giovanna Bianchi‐Scarrà, Paola Ghiorzo, Lorenza Pastorino, William Bruno, Linda Battistuzzi, 

Sara Gliori, Sara Gargiulo, Sabina Nasti, Paola Queirolo 

Glasgow: Rona Mackie, Julie Lang 

Leeds: Julia A Newton Bishop, Paul Affleck, Jennifer H Barrett, D Timothy Bishop, Jane Harrison, 

Mark M Iles, Juliette Randerson‐Moor, Mark Harland, John C Taylor, Linda Whittaker, Kairen 

Kukalizch, Susan Leake, Birute Karpavicius, Sue Haynes, Tricia Mack, May Chan, Yvonne Taylor. 

Leiden: Department of Dermatology, Leiden University Medical Centre: Nelleke A Gruis, Frans A 

van Nieuwpoort, Coby Out, Clasine van der Drift, Wilma Bergman, Jasper van der Rhee, Geeske de 

Kloe, Liesbeth Koopmans, Nicole Kukutsch, Jan Nico Bouwes Bavinck. Department of Clinical 

Genetics, Centre of Human and Clinical Genetics, Leiden University Medical Centre: Bert 

Bakker, Marian Weiss, Jeanet ter Huurne, Anne‐Wil Stelloo, Tim Segboer. Department of 

Dermatology, HAGA Hospital, The Hague: Han van der Rhee. Department of Dermatology, 

Reinier de Graaf Groep, Delft: Marcel Bekkenk. Department of Dermatology, Sint Franciscus 

Gasthuis, Rotterdam: Dyon Snels, Marinus van Praag. Department of Dermatology, Ghent 



University Hospital, Ghent, Belgium: Lieve Brochez & colleagues. Department of Dermatology, 

St. Radboud University Medical Centre, Nijmegen: Rianne Gerritsen & colleagues. Department of 

Dermatology, Rijnland Hospital, Leiderdorp: Marianne Crijns & colleagues. Dutch patient 

organisation, Stichting Melanoom, Purmerend. The Netherlands Foundation for the detection 

of Hereditary Tumors, Leiden: Hans Vasen. 

Lund: Lund Melanoma Study Group: Håkan Olsson, Christian Ingvar, Göran Jönsson, Åke Borg, 

Anna Måsbäck, Lotta Lundgren, Katja Baeckenhorn, Kari Nielsen, Anita Schmidt Casslén.  

Paris: Marie‐Françoise Avril, Brigitte Bressac‐de Paillerets, Valérie Chaudru, Nicolas Chateigner, Eve 

Corda, Fabienne Lesueur, Mahaut de Lichy, Eve Maubec, Hamida Mohamdi, Molf Moullec, Luc 

Thomas, Gilbert Lenoir, Florence Demenais and the French Family Study Group including the 

following Oncogeneticists and Dermatologists: Pascale Andry‐Benzaquen, Bertrand Bachollet, 

Frédéric Bérard, Pascaline Berthet, Françoise Boitier, Valérie Bonadona, Jean‐Louis Bonafé, Jean‐

Marie Bonnetblanc, Frédéric Cambazard, Olivier Caron, Frédéric Caux, Jacqueline Chevrant‐Breton, 

Agnès Chompret (deceased), Stéphane Dalle, Liliane Demange, Olivier Dereure, Martin‐Xavier Doré, 

Marie‐Sylvie Doutre, Catherine Dugast, Laurence Faivre, Florent Grange, Philippe Humbert, Pascal 

Joly, Delphine Kerob, Christine Lasset, Dominique Leroux, Julien Levang, Dan Lipsker, Sandrine 

Mansard, Ludovic Martin, Tanguy Martin‐Denavit, Christine Mateus, Jean‐Loïc Michel, Patrice Morel, 

Laurence Olivier‐Faivre, Jean‐Luc Perrot, Caroline Robert, Sandra Ronger‐Savle, Bruno Sassolas, 

Pierre Souteyrand, Dominique Stoppa‐Lyonnet, Pierre Vabres, Eva Wierzbicka. 

Philadelphia: David Elder, Peter Kanetsky, Patricia Van Belle, Michael Ming, Nandira Mitra, Althea 

Ruffin, Lello Tesema, Saarene Parossian.  

Poland: Tadeusz Dębniak, Jan Lubiński,Aneta Mirecka, Sławomir Ertmański 

Slovenia: Srdjan Novakovic, Marko Hocevar, Barbara Peric, Petra Cerkovnik 

Stockholm: Veronica Höiom, Johan Hansson, Diana Linden, Rainer Tuominen 

Sydney: Graham J. Mann, Richard F. Kefford, Helen Schmid, Elizabeth A. Holland.  

Tel Aviv: Esther Azizi, Gilli Galore‐Haskel, Eitan Friedman, Orna Baron‐Epel, Alon Scope, Felix 

Pavlotsky, Emanuel Yakobson, Irit Cohen‐Manheim, Yael Laitman, Roni Milgrom, Iris Shimoni, 

Evgeniya Kozlovaa 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Supplementary Table 1. Description of genome-wide samples. In total samples from 1650 cases and 4336 controls were included in the genome-wide analysis. 
Summary information detailing samples contributed and genotyping laboratories is given for participating GenoMEL groups. Also listed are the numbers of 
samples genotyped, the numbers excluded after quality control, and the remaining numbers of cases and controls and their mean call rates. The numbers of each 
genetically-enriched case phenotype (family history, multiple primary melanoma or early onset) are given for those cases passing quality control. The genotyping 
laboratory is either SXS (ServiceXS, Leiden, The Netherlands), CNG (Centre National de Génotypage, Evry, France), or SAN (Sanger Centre, Cambridge, 
UK). The mean call rate is the average number of genotyped SNPs across all persons retained in the analysis. 

 



Supplementary  Table  2.  Detailed  genome‐wide  results.    The  results  of  the  Cochran‐Armitage  trend  test  analysis  across  the  genome  showing  the 
results for multiple SNPs with p < 10‐5 and at least one genotyped (G) or imputed (Imp) SNP with a p‐value less than 5 x 10‐7.   Results are shown for 
stratified analysis (by geographical region) and unstratified as well as the “minimum p” (ie the minimum of these two results).  The OR is the per‐allele 
odds ratio.  The call rate is the proportion of persons genotyped successfully for this SNP. For each SNP, we include the minor allele frequency (MAF), 
the  Hardy‐Weinberg  equilibrium  (HWE)  p‐value  for  all  genotyped  controls  and  the  test  of  the  homogeneity  of  the  minor  allele  frequency  across 
populations. For the imputated SNPs the call rate is recorded as NA. We also computed measures of homogeneity of ORs across geographical location. 
These were based on the measures suggested by Higgins and Thompson 3. Q is Cochran’s test for OR homogeneity based on a chi‐squared distribution 
while I2 describes the percentage of total study variance attributable to heterogeneity. Low values of I2 are consistent with sampling error.  

 



Supplementary Table 3. Detailed replication results.   The results of the Cochran‐Armitage trend test analysis of the replication samples for SNPs in 
regions  identified  in  the genome‐wide analysis  and  chosen  for  follow‐up  (Supplementary Table 2,  chromosome 2 was not  followed up). Results  are 
shown for stratified analysis (by geographical  location)  for  the replication samples. The table shows the results by replication sample set (GenoMEL 
genotyped  at  CNG  or  Leeds  (genotyped  in  Leeds)),  replication  total  (replication  sets  combined),  and  overall  in  combination with  the  genome‐wide 
analysis.   The OR is the per‐allele odds ratio. Results marked with a dash sign were either not attempted or the assay did not work in the genotyping 
laboratory. HWE  is  the Hardy‐Weinberg Equilibrium p‐value  calculated  for  controls  and MAF  is  the minor  allele  frequency  in  controls. We  also  list 
results for SNPs on chromosome 20 and 22 that have been previously reported to be associated with melanoma (chromosome 20 in proximity to ASIP 
and chromosome 22 for nevi by Falchi et al 1). Note that some SNPs were not genotyped in the genome‐wide sample, so results for the last two datasets 
is in some cases the same. rs17305573 and rs4911442 were not genotyped in the GenoMEL replication set. Analyses including and excluding the one 
non‐European population were conducted without qualitatively changing the results (see Supplementary Information).   Note that for some SNPs, the 
minor allele differs  from that presented  in Table 1 and Supplementary Table 2;  this  reflects  that  the opposite  strand has been assayed between  the 
genome‐wide array and the replication (Taqman) technology. 



Supplementary  Table  4.  The  top  half  of  the  table  shows  the  results  of  a  multiple  stepwise 
regression analysis. We applied stepwise  logistic regression to determine  from among the multiple 
SNPs  on  chromosomes  9,  11  and  16  associated  with  melanoma  risk,  those  which  produced  the 
strongest independent associations.  These analyses were conducted independently by locus and also 
combining all regions.  The table shows the results for the combination of all genetic regions, which 
are qualitatively  identical  to  the analyses of each genetic region separately.   Analyses are based on 
multiple  logistic  regression  adjusting  for  geographical  region.    These  analyses  are  restricted  to 
individuals  with  complete  genotyping  across  all  SNPs;  inclusion  of  individuals  with  incomplete 
genotyping  for  each  locus  made  no  difference  except  that  for  chromosome  9,  in  some  analyses 
rs4636294 replaced rs7023329 as being the selected SNP. The table also lists the gene/genes closest 
to the SNP. The step number is the order that the SNP entered the stepwise model. 

The bottom half of the table shows the results of an investigation of locus x locus interaction. 
Results are shown for  logistic regression analysis adjusting  for geographical  location and  including 
the top SNP from each of the 3 replicated regions in this study. Analysis involves 4959 persons with 
complete  genotype  information.  The  table  shows  the  estimated  effect  sizes  under  the  logistic 
regression model, the 95% confidence interval of the estimate and the corresponding p‐value. Model 
1  includes  pairwise  interactions  between  each  pair  of  SNPs;  none  of  the  interactions  approach 
significance.   Comparison with Model 2, which does not include any interactions (similar to the top 
half of  the  table),  shows only a marginally poorer  fit  (chi‐square  test  statistic  from  likelihood ratio 
test = 2.13 with 3 df, p = 0.55) indicating there is no evidence of deviation from independence of the 
association with the 3 loci. 

SNP(s) Chromosome(s) Position (bp) Gene 
Multiple 

Regression: 
P to enter 

Multiple 
regression: 

P in final 
model 

rs258322 16 88283404 CDK10 intron 8.3x10-15 2.8x10-7 

rs1393350 11 88650694 TYR intron 2.6x10-7 1.8x10-7 

rs4785763 16 88594437 Flanking 3'UTR 
of AFG3L1 5.3x10-7 1.9x10-8 

rs8059973 16 88607035 Flanking 5'UTR 
of DBNDD1 5.3x10-7 4.4x10-7 

rs7023329 9 21806528 MTAP intron 7.3x10-5 9.3x10-5 

rs1011970 9 22052134 Flanking 5'UTR 
of CDKN2B 1.2x10-4 1.2x10-4 

    
Model 1: including all 2-way 

interactions Model 2: without any interaction 

    OR [Conf. Int] P OR [Conf. Int] P 

rs7023329 9 0.83 [0.73, 0.95] 8.06x10-3 0.82 [0.75, 0.90] 4.65x10-5 
rs1393350 11 1.24 [1.05, 1.48] 1.22x10-2 1.30 [1.18, 1.43] 2.16x10-7 
rs258322 16 1.95 [1.50, 2.53] 5.77x10-7 1.75 [1.52, 2.01] 3.72x10-15 

rs7023329 x 
rs1393350 9 and 11 1.04 [0.90, 1.19] 0.62 - - 

rs7023329 x 
rs258322 9 and 16 0.88 [0.72, 1.07] 0.19 - - 

rs1393350 x 
rs258322 11 and 16 1.03 [0.84, 1.28] 0.75 - - 

Model log-likelihood (df) -2718.7 (df=11) -2719.8 (df=8) 
Likelihood-Ratio test of model 1 
versus model 2 chi-squared (3 df) = 2.13 (p-value=0.55) 

 



Supplementary Figure 1. An overview of study design including the two stage design involving a 
genome‐wide phase followed by a replication phase in further independent samples. Samples were 
obtained from participating GenoMEL groups and included likely genetically ‐enriched cases and 
controls. Samples were genotyped at SXS (ServiceXS, Leiden, The Netherlands) and CNG (Centre 
National de Génotypage, Paris, France). Genotyping information on controls was obtained from the 
WTCCC (UK) and from CNG (Paris) to increase the power of the study. Following quality control (QC) 
which involved excluding samples on the basis of their likely non‐European ancestry and samples 
with low call rates, statistical analysis involving both stratified and unstratified methods was 
conducted to identify regions putatively containing melanoma susceptibility genes.  Follow‐up in the 
replication phase included further GenoMEL cases and controls and population‐based cases and 
controls from Leeds which had not been genotyped in the genome‐wide phase. 

 



 
Supplementary Figure 2. A) Plot of fitted values after regressing latitude and longitude of centres 
on first two principal components (PC1 and PC2). Results shown for study data after QC, excluding 
those samples declared to be non‐European.  GenoMEL centres indicated by colour: Leeds (brown), 
Leiden (orange), Stockholm (grey), Lund (magenta), Paris (black), Barcelona (light green), Genoa 
(red), Emilia‐Romagna (dark blue), Brisbane (dark green), Sydney & AMFS (reported as “Sydney” 
here, light blue). B) Principal Components for the genome‐wide study and HapMap.  Plot of first two 
principal components from analysis of study data (after QC) combined with HapMap data. Ethnicity 
of HapMap samples indicated by colour: Africa (YRI) in magenta, Japan (JPT) in blue, China (CHB) in 
green and Europe (CEU) in red. Study samples declared to be non‐European (GenoMEL outliers) are 
coloured orange and those later confirmed to be of non‐European ethnicity from records indicated 
by ‘+’. The remaining GenoMEL study samples assumed to be of European origin are coloured black. 

 

 



 
Supplementary Figure 3. Chromosome 9p21. The map shows the relative locations of MTAP 
together  with the three SNPs (rs7023329, rs2218220 and rs4636294) associated with melanoma 
risk in this analysis. These three SNPs are also associated with nevus number in an accompanying 
manuscript1. Further, multiple regression analysis showed independent contributions of SNPs on 
either side of CDKN2A, particularly for rs7023329 and rs1011970 (Supplementary Table 4).   Other 
associations in the region include rs10757278 with coronary heart disease 4 and rs10811661 with 
type 2 diabetes 5 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