
 

  

 

 

Supplementary Figure 1: GWAS data quality control.  



 

  
 
 
Supplementary Figure 2: Identification of samples of non-European origin. The first two principal components of the analysis were plotted for 
German-GWA. (a) HapMap CEU individuals are plotted in blue; CHB+JPT individuals are plotted in green; YRI individuals are plotted in red; GWAS 
cases are plotted in black and controls are plotted in purple. (b) The same plot is shown after the removal of cases and controls of non-European 
origin. 



 

 
 
 
Supplementary Figure 3: Quantile-Quantile (Q-Q) plot for the four patient cohort analyses. The y-
axis corresponds to the observed -log10 P-value, and the x-axis the expected -log10 P-value. The red 
line represents the expected distribution under the null hypothesis of no association. All statistical 
tests were two-sided.  
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Supplementary Figure 4: Quantile-Quantile (Q-Q) plot for the for the combined analyses. The y-
axis corresponds to the observed -log10 P-value, and the x-axis the expected -log10 P-value. The red 
line represents the expected distribution under the null hypothesis of no association. All statistical 
tests were two-sided.  



 

 

 

 
Supplementary Figure 5:  Regional plot of association results and recombination rates for the 
rs12374648 (6q25.1) MM-OS risk locus annotated with ENCODE data. A) Plots show association 
results of both genotyped (triangles) and imputed (circles) SNPs in the GWAS samples and 
recombination rates. −log10 P values (y axes) of the SNPs are shown according to their 
chromosomal positions (x axes). B) Chromatin state segmentation tracks (Combined) for 
Lymphoblast (GM12878), human liver carcinoma (HepG2) and Human Umbilical Vein Endothelial 
Cells (HUVEC) cell lines, data derived from the ENCODE project.  C. RegulomeDB results for 
rs12374648. 



 

 

 
Supplementary Figure 6: Relationship between rs12374648 genotypes and expression at 
MTHFD1L. Box plots show relationship of SNP genotype with Log2 (gene expression). The central 
line in each box is the median, the bottom and top of the box are the first and third quartiles. The 
notches on each box are +/-1.58* interquartile range/sqrt(n),  defining the 95% confidence where 
the median are different. Bee swarm arranged circles are the data-points. 



 

 

 

Supplementary Figure 7: Relationship between rs12374648 and expression at AKAP12. Box plots 
show relationship of SNP genotype with Log2 (gene expression). The central line in each box is the 
median, the bottom and top of the box are the first and third quartiles. The notches on each box 
are +/-1.58* interquartile range/sqrt(n),  defining the 95% confidence where the median are 
different. Bee swarm arranged circles are the data-points. 



 

 
 
Supplementary Figure 8: Relationship between rs12374648 and DNA methylation at 6p25.1. Box 
plots show relationship of SNP genotype with Log2 (DNA methylation) in the UK-My11 patients. 
The central line in each box is the median, the bottom and top of the box are the first and third 
quartiles. The notches on each box are +/-1.58* interquartile range/sqrt(n), defining the 95% 
confidence where the median are different. Bee swarm arranged circles are the data-points. 



 

   

 

 

Supplementary Figure 9: Kaplan–Meier curves for 1q23.3 (rs1934908) and MM-OS. Vertical ticks indicate censored data-points. 



 

  

 

Supplementary Figure 10: Kaplan–Meier curves for 19q13.11 (rs1974807) for MM-OS. Vertical ticks indicate censored data-points. 



 

 

 

Supplementary Figure 11: Kaplan–Meier curves for 3q13.31 (rs4682170) and MM-OS. Vertical ticks indicate censored data-points. 



 

 

 

Supplementary Figure 12: Kaplan–Meier curves for 18q21.32 (rs57942319) for MM-OS. Vertical ticks indicate censored data-points. 



 

 

 

Supplementary Figure 13: Kaplan–Meier curves for 2q22.1 (rs61070260) and MM-OS. Vertical ticks indicate censored data-points. 



 

  

 

Supplementary Figure 14: Kaplan–Meier curves for 5q31.3 (rs2906053) and MM-OS. Vertical ticks indicate censored data-points.
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Supplementary Figure 15:  Regional plots of association results and recombination rates for the 1q23.3 (rs1934908) and 19q13.11 (rs197480) risk 
loci. Plots show association results of both genotyped (triangles) and imputed (circles) SNPs in the GWAS samples and recombination rates. −log10 
P values (y axes) of the SNPs are shown according to their chromosomal positions (x axes). The top genotyped SNP in each combined analysis is 
shown as a large diamond and is labeled by its rsID. The color intensity of each symbol reflects the extent of LD with the top genotyped SNP, 
white (r2 = 0) through to dark red (r2 = 1.0). Genetic recombination rates, estimated using HapMap samples from Utah residents of western and 
northern European ancestry (CEU), are shown with a light blue line. Physical positions are based on NCBI build 37 of the human genome. Also 
shown are the relative positions of genes and transcripts mapping to the region of association. Genes have been redrawn to show their relative 
positions; therefore, maps are not to physical scale. 



 

2q22.1 (rs61070260) 

 

 

 

 

Supplementary Figure 16:  Regional plots of association results and recombination rates for 2q22.1 (rs61070260) risk loci. Plots show association 
results of both genotyped (triangles) and imputed (circles) SNPs in the GWAS samples and recombination rates. −log10 P values (y axes) of the 
SNPs are shown according to their chromosomal positions (x axes). The top genotyped SNP in each combined analysis is shown as a large 
diamond and is labeled by its rsID. The color intensity of each symbol reflects the extent of LD with the top genotyped SNP, white (r2 = 0) through 
to dark red (r2 = 1.0). Genetic recombination rates, estimated using HapMap samples from Utah residents of western and northern European 
ancestry (CEU), are shown with a light blue line. Physical positions are based on NCBI build 37 of the human genome. Also shown are the relative 
positions of genes and transcripts mapping to the region of association. Genes have been redrawn to show their relative positions; therefore, 
maps are not to physical scale. 



 

3q13.31 (rs4682170) 

 

 

Supplementary Figure 17:  Regional plots of association results and recombination rates for the 3q13.31 (rs4682170) and 5q31.3 (rs2906053) risk 
loci. Plots show association results of both genotyped (triangles) and imputed (circles) SNPs in the GWAS samples and recombination rates. −log10 
P values (y axes) of the SNPs are shown according to their chromosomal positions (x axes). The top genotyped SNP in each combined analysis is 
shown as a large diamond and is labeled by its rsID. The color intensity of each symbol reflects the extent of LD with the top genotyped SNP, 
white (r2 = 0) through to dark red (r2 = 1.0). Genetic recombination rates, estimated using HapMap samples from Utah residents of western and 
northern European ancestry (CEU), are shown with a light blue line. Physical positions are based on NCBI build 37 of the human genome. Also 
shown are the relative positions of genes and transcripts mapping to the region of association. Genes have been redrawn to show their relative 
positions; therefore, maps are not to physical scale. 
 



 

5q31.3 (rs2906053) 

 

  

 

Supplementary Figure 18:  Regional plots of association results and recombination rates for 5q31.3 (rs2906053) risk loci. Plots show association 
results of both genotyped (triangles) and imputed (circles) SNPs in the GWAS samples and recombination rates. −log10 P values (y axes) of the 
SNPs are shown according to their chromosomal positions (x axes). The top genotyped SNP in each combined analysis is shown as a large 
diamond and is labeled by its rsID. The color intensity of each symbol reflects the extent of LD with the top genotyped SNP, white (r2 = 0) through 
to dark red (r2 = 1.0). Genetic recombination rates, estimated using HapMap samples from Utah residents of western and northern European 
ancestry (CEU), are shown with a light blue line. Physical positions are based on NCBI build 37 of the human genome. Also shown are the relative 
positions of genes and transcripts mapping to the region of association. Genes have been redrawn to show their relative positions; therefore, 
maps are not to physical scale. 



 

18q21.32 (rs57942319) 

 

 

Supplementary Figure 19:  Regional plots of association results and recombination rates for the 18q21.32 (rs57942319) and 2q22.1 (rs61070260) 
risk loci. Plots show association results of both genotyped (triangles) and imputed (circles) SNPs in the GWAS samples and recombination rates. 
−log10 P values (y axes) of the SNPs are shown according to their chromosomal positions (x axes). The top genotyped SNP in each combined 
analysis is shown as a large diamond and is labeled by its rsID. The color intensity of each symbol reflects the extent of LD with the top genotyped 
SNP, white (r2 = 0) through to dark red (r2 = 1.0). Genetic recombination rates, estimated using HapMap samples from Utah residents of western 
and northern European ancestry (CEU), are shown with a light blue line. Physical positions are based on NCBI build 37 of the human genome. Also 
shown are the relative positions of genes and transcripts mapping to the region of association. Genes have been redrawn to show their relative 
positions; therefore, maps are not to physical scale. 



 

19q13.11 (rs1974807) 

 

  

 

Supplementary Figure 20:  Regional plots of association results and recombination rates for the 19q13.11 (rs197480) risk loci. Plots show 
association results of both genotyped (triangles) and imputed (circles) SNPs in the GWAS samples and recombination rates. −log10 P values (y 
axes) of the SNPs are shown according to their chromosomal positions (x axes). The top genotyped SNP in each combined analysis is shown as a 
large diamond and is labeled by its rsID. The color intensity of each symbol reflects the extent of LD with the top genotyped SNP, white (r2 = 0) 
through to dark red (r2 = 1.0). Genetic recombination rates, estimated using HapMap samples from Utah residents of western and northern 
European ancestry (CEU), are shown with a light blue line. Physical positions are based on NCBI build 37 of the human genome. Also shown are 
the relative positions of genes and transcripts mapping to the region of association. Genes have been redrawn to show their relative positions; 
therefore, maps are not to physical scale. 



 

  
 
 
Supplementary Figure 21: Relationship between Myeloma OS SNP rs1934908 and expression 
FCRLA. Box plots show relationship of SNP genotype with Log2 (gene expression). The central line 
in each box is the median, the bottom and top of the box are the first and third quartiles. The 
notches on each box are +/-1.58* interquartile range/sqrt(n), defining the 95% confidence where 
the median are different. Bee swarm arranged circles are the data-points. 
 



 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Table 1: Univariate and Multivariate Cox proportional hazards model of MM-OS 
at 6q25.1 (rs12374648) with major chromosomal aberrations in the UK-My9 cohort. 



 

  

 

 

Supplementary Table 2: Summary results for SNPs suggestive associations with MM-OS. P-values 
assessed by a cox proportional hazards model. Individual cohort results were combined by fixed 
odds meta-analysis. 
 



 

 

MM OS associations Region 6q25.1 1q23.3 19q13.11 5q31.3 3q13.31 18q21.32 2q22.1

SNP rs12374648 rs1934908 rs1974807 rs2906053 rs4682170 rs57942319 rs61070260

CHR 6 1 19 5 3 18 2

BP 151529369 161680868 33713058 141594215 114851633 56685448 141603995

A1 G C C C A A A

A2 A T A T C G G

P 4.69 x 10
-9

7.17 x 10
-6

8.88 x10
-6

4.93 x 10
-6

9.80 x 10
-7

3.22 x 10
-6

8.05 x 10
-6

Proximal genes MTHFD1L AKAP12 FCRLA LRP3 SLC7A10 NDFIP1 ZBTB20 SEMA5A ZNF532 LRP1B

Typed SNP in LD rs9478986 rs1934908 rs8106493 rs2961694 rs6793973 rs8093617 rs16844912

Tissue type Study size

cis-eQTL GTeX portal Mutiple 1,421 NS NS NS NS NS NS NS NS NS NS

Blood eQTLs Whole blood 5,133 NA NS NS NS NS NS NS NS NS NS

MuTHER

- LCLs LCLs
850 NA 0.34 1.12 x 10-7 0.72 0.17 0.55 NA NA NA 0.82

MuTHER

- Adipose Adipose
850 NA 0.23 0.52 0.063 3.06 x 10

-9 0.32 NA NA NA 0.34

MuTHER 

- Skin Skin
850 NA 0.29 3.12 x 10-6 0.943 0.17 0.41 NA NA NA 0.68

SCAN LCLs 176 NS NS NS NS NS NS NS 7.0 x 10
-5

NS NS

sQTL
Framingham 

Heart Study Whole blood
5,257 NA NA 1.24 x10-46 NA NA NA NA NA NA NA

Regulatory motifs
HaploReg v3

Bound by

TCF4

11 altered

motifs

adipose enhancer,

altered LUN-1,

 SETDB1

12 altered

motifs

6 altered

motifs

Bound by

 MAFK

4 altered

motifs

Regulomedb
TF binding,

DNase peak
NS TF binding NS NS TF binding NA

 

 

 

 
Supplementary Table 3: MM-OS SNPs in eQTL, mQTL and regulatory motif databases. Databases included in Table are: GTeX1, Blood eQTL2, 
MuTHER studies3, Framingham heart study4, SCAN5, HaploReg6 and Regulomedb7. eQTLs are labelled Non-significant (NS), where the eQTL value was 
not reported by database due to the weakness of the association. eQTLs are labelled Not applicable (NA) where expression on the gene was not 
present in the given cell type.   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Table 4: Relationship between suggestive associations with MM-OS SNPs and progression free survival. P-values assessed by a cox 

proportional hazards model. Individual cohort results were combined by fixed odds meta-analysis. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Table 5: Relationship between susceptibility SNPs for MM and MM-OS. P-values assessed by a cox proportional hazards model. 

Individual cohort results were combined by fixed odds meta-analysis.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Supplementary Table 6: Association statistics for the SNP at locus 16p13 rs72773978. P-values 
assessed by a cox proportional hazards model. Individual cohort results were combined by fixed 
odds meta-analysis.  
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