Supplementary Figure 1. (A) Diagram for key assumptions of MR analyses. Childhood sunburn
SNPs were used as the genetic instruments to investigate the causal effect of childhood sunburn
upon melanoma and non-melanoma Skin Cancer. Line with arrows indicate that the genetic
instruments (SNPs) are associated with the exposure and could only affect the outcome via the
exposure. Dashed lines indicate that the genetic instruments (SNPs) are independent of any
confounding variables between the results. (B) Schematic design for the mendelian randomization
analysis. MM, malignant melanoma; NMSC, non-melanoma skin cancer; MIS, melanoma in situ; BCC,
basal cell carcinoma; SCC, squamous cell carcinoma.

Supplementary Figure 2. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and malignant melanoma of skin. The slope of each line corresponding to the
estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,
MR-RAPS and MR-PRESSO methods.

Supplementary Figure 3. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and non-melanoma skin cancer. The slope of each line corresponding to the
estimated MR effect in different models, including the conventional [IVW, MBE, WMM, MR-Egger,
MR-RAPS and MR-PRESSO methods.

Supplementary Figure 4. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and squamous cell carcinomas of the skin. The slope of each line corresponding to
the estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,
MR-RAPS and MR-PRESSO methods.

Supplementary Figure 5. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and basal cell carcinomas of the skin. The slope of each line corresponding to the
estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,
MR-RAPS and MR-PRESSO methods.

Supplementary Figure 6. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and melanoma in situ. The slope of each line corresponding to the estimated MR
effect in different models, including the conventional IVW, MBE, WMM, MR-Egger, MR-RAPS and
MR-PRESSO methods.

Supplementary Figure 7. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and melanoma in situ of face. The slope of each line corresponding to the estimated



MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger, MR-RAPS
and MR-PRESSO methods.

Supplementary Figure 8. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and childhood sunburn on melanoma in situ of trunk. The slope of each line
corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,
WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 9. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and childhood sunburn on melanoma in situ of lowerlimb. The slope of each line
corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,
WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 10. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and childhood sunburn on melanoma in situ of upperlimb. The slope of each line
corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,
WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 11. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and malignant melanoma of skin (controls excluding all cancers). The slope of
each line corresponding to the estimated MR effect in different models, including the conventional
IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 12. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and non-melanoma skin cancer (controls excluding all cancers). The slope of
each line corresponding to the estimated MR effect in different models, including the conventional
IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 13. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and melanoma in situ (controls excluding all cancers). The slope of each line
corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,
WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 14. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and melanoma in situ of face (controls excluding all cancers). The slope of each
line corresponding to the estimated MR effect in different models, including the conventional IVW,

MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 15. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and melanoma in situ of trunk (controls excluding all cancers). The slope of each
line corresponding to the estimated MR effect in different models, including the conventional IVW,
MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 16. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and melanoma in situ of lowerlimb (controls excluding all cancers). The slope of
each line corresponding to the estimated MR effect in different models, including the conventional
IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 17. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and melanoma in situ of upperlimb (controls excluding all cancers). The slope of
each line corresponding to the estimated MR effect in different models, including the conventional
IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 18. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and malignant melanoma of skin. Calculate the MR results of the
remaining ['Vs after removing the IVs one by one.

Supplementary Figure 19. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and non-melanoma skin cancer. Calculate the MR results of the
remaining ['Vs after removing the IVs one by one.

Supplementary Figure 20. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and squamous cell carcinomas of the skin. Calculate the MR results of
the remaining ['Vs after removing the IVs one by one.

Supplementary Figure 21. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and basal cell carcinomas of the skin. Calculate the MR results of the
remaining ['Vs after removing the IVs one by one.

Supplementary Figure 22. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and melanoma in situ. Calculate the MR results of the remaining Vs
after removing the [Vs one by one.

Supplementary Figure 23. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and melanoma in situ of face. Calculate the MR results of the remaining

IVs after removing the IVs one by one.



Supplementary Figure 24. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and melanoma in situ of trunk. Calculate the MR results of the
remaining I'Vs after removing the IVs one by one.

Supplementary Figure 25. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and melanoma in situ of lowerlimb. Calculate the MR results of the
remaining ['Vs after removing the IVs one by one.

Supplementary Figure 26. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and melanoma in situ of upperlimb. Calculate the MR results of the
remaining ['Vs after removing the IVs one by one.

Supplementary Figure 27. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and malignant melanoma of skin (controls excluding all
cancers). Calculate the MR results of the remaining ['Vs after removing the IVs one by one.
Supplementary Figure 28. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and non-melanoma skin cancer (controls excluding all
cancers). Calculate the MR results of the remaining I'Vs after removing the IVs one by one.
Supplementary Figure 29. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and melanoma in situ (controls excluding all cancers).
Calculate the MR results of the remaining I'Vs after removing the IVs one by one.

Supplementary Figure 30. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and melanoma in situ of face (controls excluding all
cancers). Calculate the MR results of the remaining Vs after removing the IVs one by one.
Supplementary Figure 31. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and melanoma in situ of trunk (controls excluding all
cancers). Calculate the MR results of the remaining ['Vs after removing the IVs one by one.
Supplementary Figure 32. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and melanoma in situ of lowerlimb (controls excluding
all cancers). Calculate the MR results of the remaining Vs after removing the I'Vs one by one.
Supplementary Figure 33. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and melanoma in situ of upperlimb (controls excluding

all cancers). Calculate the MR results of the remaining Vs after removing the IVs one by one.



Supplementary Figure 34. The forest plot of the CAUSE method MR analysis. Causal estimates were
given as beta and 95% confidence intervals (Cls).

Supplementary Figure 35. The forest plot of the replicate CAUSE method MR analysis (controls
excluding all cancers). Causal estimates were given as beta and 95% confidence intervals (Cls).
Supplementary Figure 36. The forest plot of the mediation MR analyses. Causal estimates given as
odds ratio (OR) and 95% confidence intervals (Cls) for the effect of childhood sunburn and skin
carcinoma risk. Red:total effect; Green: effect of skin colour; Purple: effect of serum vitamin D levels;
Blue: effect of body mass index; Orange: effect of alcohol intake; Black: effect of smoking; Brown:
effect of hair colour; Grey: effect of facial ageing.

Supplementary Figure 37. The forest plot of the replicate mediation MR analyses (controls excluding
all cancers). Causal estimates given as odds ratio (OR) and 95% confidence intervals (Cls) for the
effect of childhood sunburn and skin carcinoma risk. Red:total effect; Green: effect of skin colour;
Purple: effect of serum vitamin D levels; Blue: effect of body mass index; Orange: effect of alcohol

intake; Black: effect of smoking; Brown: effect of hair colour; Grey: effect of facial ageing.
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Data preparations
* Combinations of the SNPs from exposures and outcomes
+ Removal of the linkage disequilibrium
+ Harmonization of SNPs in exposures and outcomes

J

/ Two-sample Mendelian randomization analysis \
+ Inverse-variance weighted (IVW) model--Main analysis

+  MR-Egger regression

*  Weighted-median

+ Bayesian weighted Mendelian randomization (BWMR)

+  MR-Robust Adjusted Profile Score (MRAPS)

* MR pleiotropy residual sum and outlier (MR-PRESSO)

+ Causal Analysis Using Summary Effect (CAUSE)

Pleiotropy and sensitivity analysis

+  MR-Egger regression and MR-PRESSO method were used for the assessment of the
potential uncorrelated horizontal pleiotropic effects The mtercept term in the MR
Egger regression was used to judge the level of pleiotropy of directionality.

\leave-oue-om sensitivity analysis /

Supplementary Figure 1. (A) Diagram for key assumptions of MR analyses. Childhood sunburn

SNPs were used as the genetic instruments to investigate the causal effect of childhood sunburn
upon melanoma and non-melanoma Skin Cancer. Line with arrows indicate that the genetic
instruments (SNPs) are associated with the exposure and could only affect the outcome via the
exposure. Dashed lines indicate that the genetic instruments (SNPs) are independent of any
confounding variables between the results. (B) Schematic design for the mendelian randomization
analysis. MM, malignant melanoma; NMSC, non-melanoma skin cancer; MIS, melanoma in situ; BCC,

basal cell carcinoma; SCC, squamous cell carcinoma.



MR Test

BWHMR / MR Egger
/ Inverse variance weighted MR.RAPS
MR-PRESSO // Weighted median

3-
£
A
@
<L
g
= 2
kS .
w
=
=)
Q
&
o
L=
5
=4 e .
=
=3
[
5 . .
S
@
£ .
s
=
5 R,
= . . e
E . I} e =
b= —— .
g — i i -
> s
© Il .
= .
= .
o . .
°
o
=
o . q
g .
7]

-

0.00 005 010 020

0.15
SNP effect on Childhood sunburn occasions || id:ukb-b-13246

Supplementary Figure 2. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and malignant melanoma of skin. The slope of each line corresponding to the
estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 3. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and non-melanoma skin cancer. The slope of each line corresponding to the
estimated MR effect in different models, including the conventional [IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 4. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and squamous cell carcinomas of the skin. The slope of each line corresponding to
the estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 5. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and basal cell carcinomas of the skin. The slope of each line corresponding to the
estimated MR effect in different models, including the conventional [IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 6. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and melanoma in situ. The slope of each line corresponding to the estimated MR
effect in different models, including the conventional IVW, MBE, WMM, MR-Egger, MR-RAPS and

MR-PRESSO methods.
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Supplementary Figure 7. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and melanoma in situ of face. The slope of each line corresponding to the estimated
MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger, MR-RAPS

and MR-PRESSO methods.
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Supplementary Figure 8. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and childhood sunburn on melanoma in situ of trunk. The slope of each line
corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 9. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and childhood sunburn on melanoma in situ of lowerlimb. The slope of each line
corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 10. Scatter plots of the univariable mendelian randomization analysis of
childhood sunburn and childhood sunburn on melanoma in situ of upperlimb. The slope of each line
corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 11. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and malignant melanoma of skin (controls excluding all cancers). The slope of
each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 12. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and non-melanoma skin cancer (controls excluding all cancers). The slope of
each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 13. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and melanoma in situ (controls excluding all cancers). The slope of each line
corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 14. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and melanoma in situ of face (controls excluding all cancers). The slope of each
line corresponding to the estimated MR effect in different models, including the conventional IVW,

MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 15. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and melanoma in situ of trunk (controls excluding all cancers). The slope of each
line corresponding to the estimated MR effect in different models, including the conventional IVW,

MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 16. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and melanoma in situ of lowerlimb (controls excluding all cancers). The slope of
each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 17. Scatter plots of the replicate univariable mendelian randomization analysis
of childhood sunburn and melanoma in situ of upperlimb (controls excluding all cancers). The slope of
each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.
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Supplementary Figure 18. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and malignant melanoma of skin. Calculate the MR results of the

remaining ['Vs after removing the IVs one by one.



rsil 7]
rs1805007 -

A4 1 1 v 1 i
0.0 05 10 15 20
1R leave-one-out senstivity analysis for
“Chidhood sunburn occasions | i:ukb-b-13248" on ‘Other malignant neoplasms of skin (=non-melanoma skin cancer) § id: finn-b-C3_OTHER_SKIN'

Supplementary Figure 19. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and non-melanoma skin cancer. Calculate the MR results of the

remaining ['Vs after removing the IVs one by one.
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Supplementary Figure 20. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and squamous cell carcinomas of the skin. Calculate the MR results of

the remaining ['Vs after removing the IVs one by one.
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Supplementary Figure 21. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and basal cell carcinomas of the skin. Calculate the MR results of the

remaining I'Vs after removing the IVs one by one.
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Supplementary Figure 22. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and melanoma in situ. Calculate the MR results of the remaining Vs

after removing the [Vs one by one.
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Supplementary Figure 23. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and melanoma in situ of face. Calculate the MR results of the remaining

IVs after removing the IVs one by one.
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Supplementary Figure 24. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and melanoma in situ of trunk. Calculate the MR results of the

remaining ['Vs after removing the IVs one by one.
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Supplementary Figure 25. Leave-one-out stability tests of the univariable mendelian randomization
analysis of childhood sunburn and melanoma in situ of lowerlimb. Calculate the MR results of the

remaining ['Vs after removing the IVs one by one.
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Supplementary Figure 26. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ of upperlimb. Calculate the MR results of the

remaining I'Vs after removing the IVs one by one.
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Supplementary Figure 27. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and malignant melanoma of skin (controls excluding all

cancers). Calculate the MR results of the remaining Vs after removing the IVs one by one.



i . } )
0.0 05 1.0 15
1R leave-one-out sensttivity analysis for
“Chidhood sunbum occasions  id:ukb-b-13246" on ‘Other malignant neoplasm of skin (=non-melanoma skin cancer) (all cancers excluded) | id:finn-b-C3_OTHER_SKIN_EXALLC

Supplementary Figure 28. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and non-melanoma skin cancer (controls excluding all

cancers). Calculate the MR results of the remaining Vs after removing the IVs one by one.
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Supplementary Figure 29. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and melanoma in situ (controls excluding all cancers).

Calculate the MR results of the remaining ['Vs after removing the IVs one by one.
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Supplementary Figure 30. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and melanoma in situ of face (controls excluding all

cancers). Calculate the MR results of the remaining Vs after removing the IVs one by one.
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Supplementary Figure 31. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and melanoma in situ of trunk (controls excluding all

cancers). Calculate the MR results of the remaining Vs after removing the IVs one by one.
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Supplementary Figure 32. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and melanoma in situ of lowerlimb (controls excluding

all cancers). Calculate the MR results of the remaining Vs after removing the I'Vs one by one.
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Supplementary Figure 33. Leave-one-out stability tests of the replicate univariable mendelian
randomization analysis of childhood sunburn and melanoma in situ of upperlimb (controls excluding

all cancers). Calculate the MR results of the remaining Vs after removing the I'Vs one by one.
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Supplementary Figure 34. The forest plot of the CAUSE method MR analysis. Causal estimates were

given as beta and 95% confidence intervals (Cls).
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Supplementary Figure 35. The forest plot of the replicatt CAUSE method MR analysis (controls

excluding all cancers). Causal estimates were given as beta and 95% confidence intervals (Cls).
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Supplementary Figure 36. The forest plot of the mediation MR analyses. Causal estimates given as
odds ratio (OR) and 95% confidence intervals (CIs) for the effect of childhood sunburn and skin
carcinoma risk. Red:total effect; Green: effect of skin colour; Purple: effect of serum vitamin D levels;
Blue: effect of body mass index; Orange: effect of alcohol intake; Black: effect of smoking; Brown:

effect of hair colour; Grey: effect of facial ageing.
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Supplementary Figure 37. The forest plot of the replicate mediation MR analyses (controls excluding
all cancers). Causal estimates given as odds ratio (OR) and 95% confidence intervals (Cls) for the
effect of childhood sunburn and skin carcinoma risk. Red:total effect; Green: effect of skin colour;
Purple: effect of serum vitamin D levels; Blue: effect of body mass index; Orange: effect of alcohol

intake; Black: effect of smoking; Brown: effect of hair colour; Grey: effect of facial ageing.



