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Supplementary Figure S1: Plots of the number of random SNPs located within genic regions, expressed as a
percentage of the total number of SNPs in a randomly-selected set containing the same number of SNPs as
the activated set in the predictor for the indicated disease condition/trait, against expansion of GENCODE
Release 19 gene boundaries by k kilo base pairs. SNPS were randomly selected from the 800,000+ variants
measured by the UK Biobank Axiom Array.
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Supplementary Figure S2: The fifteen largest total values of variance accounted for by predictor SNPs located
on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for the
asthma predictor. Each vertical bar is colored violet with a depth of shade proportional to the height of the
bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo base
pairs at both ends.
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Supplementary Figure S3: The fifteen largest total values of variance accounted for by predictor SNPs located
on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for the
atrial fibrillation predictor. Each vertical bar is colored violet with a depth of shade proportional to the height
of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo
base pairs at both ends.
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Gene Ranking
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Supplementary Figure S4: The fifteen largest total values of variance accounted for by predictor SNPs located
on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for the
basal cell carcinoma predictor. Each vertical bar is colored violet with a depth of shade proportional to the
height of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus
30 kilo base pairs at both ends.
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Supplementary Figure S5: The fifteen largest total values of variance accounted for by predictor SNPs located
on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for the
breast cancer predictor. Each vertical bar is colored violet with a depth of shade proportional to the height
of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo
base pairs at both ends.
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Gene Ranking
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Supplementary Figure S6: The fifteen largest total values of variance accounted for by predictor SNPs located
on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for the
coronary artery disease predictor. Each vertical bar is colored violet with a depth of shade proportional to
the height of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries
plus 30 kilo base pairs at both ends.
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Supplementary Figure S7: The fifteen largest total values of variance accounted for by predictor SNPs located
on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for the
type-1 diabetes predictor. Each vertical bar is colored violet with a depth of shade proportional to the height
of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo
base pairs at both ends.
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Supplementary Figure S8: The fifteen largest total values of variance accounted for by predictor SNPs located
on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for the
type-2 diabetes predictor. Each vertical bar is colored violet with a depth of shade proportional to the height
of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo
base pairs at both ends.
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Supplementary Figure S9: The fifteen largest total values of variance accounted for by predictor SNPs located
on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for the
diastolic blood pressure predictor. Each vertical bar is colored violet with a depth of shade proportional to the
height of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus
30 kilo base pairs at both ends.
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Supplementary Figure S10: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs)
for the education years predictor. Each vertical bar is colored violet with a depth of shade proportional to the
height of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus
30 kilo base pairs at both ends.
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Supplementary Figure S11: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for
the gallstones predictor. Each vertical bar is colored violet with a depth of shade proportional to the height
of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo
base pairs at both ends.
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Supplementary Figure S12: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for
the glaucoma predictor. Each vertical bar is colored violet with a depth of shade proportional to the height
of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo
base pairs at both ends.
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Supplementary Figure S13: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for
the gout predictor. Each vertical bar is colored violet with a depth of shade proportional to the height of the
bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo base
pairs at both ends.
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Supplementary Figure S14: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs)
for the heart attack predictor. Each vertical bar is colored violet with a depth of shade proportional to the
height of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus
30 kilo base pairs at both ends.
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Supplementary Figure S15: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs)
for the height predictor. Each vertical bar is colored violet with a depth of shade proportional to the height
of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo
base pairs at both ends.
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Gene Ranking
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Supplementary Figure S16: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs)
for the high cholesterol predictor. Each vertical bar is colored violet with a depth of shade proportional to the
height of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus
30 kilo base pairs at both ends.
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Supplementary Figure S17: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs)
for the hypertension predictor. Each vertical bar is colored violet with a depth of shade proportional to the
height of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus
30 kilo base pairs at both ends.

9



Gene Ranking
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0

2

4

6

8

% of Total Predictor Variance Accounted For by SNPs located on Gene

Hypothyroidism

At k = 30 kbp, genic variance = 80.1%

Supplementary Figure S18: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs)
for the hypothyroidism predictor. Each vertical bar is colored violet with a depth of shade proportional to the
height of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus
30 kilo base pairs at both ends.
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Supplementary Figure S19: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for
the malignant melanoma predictor. Each vertical bar is colored violet with a depth of shade proportional to
the height of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries
plus 30 kilo base pairs at both ends.
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Supplementary Figure S20: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for
the menopause predictor. Each vertical bar is colored violet with a depth of shade proportional to the height
of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo
base pairs at both ends.
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Supplementary Figure S21: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for
the pulse rate predictor. Each vertical bar is colored violet with a depth of shade proportional to the height
of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries plus 30 kilo
base pairs at both ends.
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Supplementary Figure S22: The fifteen largest total values of variance accounted for by predictor SNPs
located on a single gene (in terms of the percentage of total variance accounted for by all predictor SNPs) for
the systolic blood pressure predictor. Each vertical bar is colored violet with a depth of shade proportional to
the height of the bar. Here, ’genic’ SNPs are contained within the GENCODE Release 19 gene boundaries
plus 30 kilo base pairs at both ends.
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Appendix B: Supplementary Tables

Tables that list the top genes, as ordered by variance
accounted for, for various phenotypes.

Asthma

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000196735 0.0000461821 2.82293
ENSG00000166949 0.0000440566 2.69301
ENSG00000115604 0.000039764 2.43062
ENSG00000115602 0.0000395971 2.42042
ENSG00000145777 0.0000382693 2.33925
ENSG00000134987 0.0000382693 2.33925
ENSG00000179344 0.0000381038 2.32914
ENSG00000137033 0.0000217498 1.32948
ENSG00000038532 0.0000207941 1.27106
ENSG00000113522 0.0000160743 0.982561
ENSG00000073605 0.0000150246 0.918398
ENSG00000172057 0.0000150246 0.918398
ENSG00000166888 0.0000149384 0.913124
ENSG00000166881 0.0000146788 0.897259
ENSG00000166886 0.0000146788 0.897259
ENSG00000186075 0.0000144062 0.880593
ENSG00000145012 0.0000137849 0.84262
ENSG00000158636 0.0000137277 0.839121

Supplementary Table S23: For the asthma predictor:
list of genes responsible for the top fifteen values of
variance accounted for by single genes, and the corre-
sponding variance values, both explicit and expressed
as a percentage of the total predictor variance.

Atrial Fibrillation

Ensembl ID Variance Explained by Gene % of Total Predictor Variance

ENSG00000140836 4.35491 × 10-7 7.45884

ENSG00000164093 2.86504 × 10-7 4.90708

ENSG00000116132 1.42571 × 10-7 2.44188

ENSG00000143603 1.34099 × 10-7 2.29676

ENSG00000107954 1.16675 × 10-7 1.99835

ENSG00000148120 1.09383 × 10-7 1.87345

ENSG00000089225 7.82504 × 10-8 1.34023

ENSG00000115935 7.60088 × 10-8 1.30184

ENSG00000107957 6.85145 × 10-8 1.17348

ENSG00000105974 6.17914 × 10-8 1.05833

ENSG00000171385 5.7165 × 10-8 0.97909

ENSG00000173406 4.58225 × 10-8 0.784823

ENSG00000110318 1.74445 × 10-8 0.298779

ENSG00000120457 1.71183 × 10-8 0.293193

ENSG00000174370 1.71183 × 10-8 0.293193

ENSG00000173572 1.55386 × 10-8 0.266137

ENSG00000179709 1.55386 × 10-8 0.266137

Supplementary Table S24: For the atrial fibrillation
predictor: list of genes responsible for the top fifteen
values of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Basal Cell Carcinoma

Ensembl ID Variance Explained by Gene % of Total Predictor Variance

ENSG00000137265 9.11032 × 10-7 28.4835

ENSG00000125780 3.86761 × 10-7 12.0921

ENSG00000140995 2.19694 × 10-7 6.86874

ENSG00000177946 2.19118 × 10-7 6.85076

ENSG00000003249 2.13993 × 10-7 6.69052

ENSG00000179051 2.12828 × 10-7 6.65409

ENSG00000064012 2.10488 × 10-7 6.58092

ENSG00000155749 2.10488 × 10-7 6.58092

ENSG00000003400 2.0926 × 10-7 6.54255

ENSG00000114861 1.11256 × 10-7 3.47842

ENSG00000077498 1.04526 × 10-7 3.26803

ENSG00000205420 1.01298 × 10-7 3.16709

ENSG00000186081 1.01298 × 10-7 3.16709

ENSG00000268716 1.01298 × 10-7 3.16709

ENSG00000139648 9.16756 × 10-8 2.86625

ENSG00000158805 8.50283 × 10-8 2.65842

ENSG00000187741 8.50283 × 10-8 2.65842

ENSG00000101460 7.16043 × 10-8 2.23872

ENSG00000101464 7.16043 × 10-8 2.23872

ENSG00000196735 7.01145 × 10-8 2.19214

Supplementary Table S25: For the basal cell car-
cinoma predictor: list of genes responsible for the
top fifteen values of variance accounted for by sin-
gle genes, and the corresponding variance values, both
explicit and expressed as a percentage of the total pre-
dictor variance.

Breast Cancer

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000066468 0.0000212362 14.7834
ENSG00000103460 0.0000200173 13.9349

ENSG00000196588 2.17644 × 10-6 1.51512

ENSG00000120262 2.06537 × 10-6 1.43779

ENSG00000163491 1.96784 × 10-6 1.3699

ENSG00000074527 1.9048 × 10-6 1.32601

ENSG00000164362 1.66297 × 10-6 1.15766

ENSG00000140718 1.49019 × 10-6 1.03739

ENSG00000108175 1.45587 × 10-6 1.01349

ENSG00000166446 1.29111 × 10-6 0.898797

ENSG00000049656 1.26148 × 10-6 0.878169

ENSG00000138311 7.52238 × 10-7 0.523666

ENSG00000071967 6.70661 × 10-7 0.466876

ENSG00000167081 6.5404 × 10-7 0.455306

ENSG00000136267 6.13165 × 10-7 0.426851

Supplementary Table S26: For the breast cancer pre-
dictor: list of genes responsible for the top fifteen val-
ues of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.
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Coronary Artery Disease

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000198670 0.000204929 8.14914
ENSG00000112137 0.000154524 6.14475
ENSG00000122194 0.000115362 4.58747
ENSG00000146477 0.0000584146 2.3229
ENSG00000143126 0.000056525 2.24775
ENSG00000134222 0.0000565249 2.24775
ENSG00000221986 0.0000565246 2.24774
ENSG00000091732 0.000022669 0.901448
ENSG00000130203 0.0000203651 0.809834
ENSG00000130204 0.0000203646 0.809811
ENSG00000181652 0.0000170687 0.678747
ENSG00000164867 0.0000170686 0.678746
ENSG00000055118 0.0000170678 0.678713
ENSG00000134871 0.0000158485 0.630227
ENSG00000130208 0.0000151627 0.602955

Supplementary Table S27: For the coronary artery
disease predictor: list of genes responsible for the
top fifteen values of variance accounted for by sin-
gle genes, and the corresponding variance values, both
explicit and expressed as a percentage of the total pre-
dictor variance.

Diabetes - Type 1

Ensembl ID Variance Explained by Gene % of Total Predictor Variance

ENSG00000196735 1.71762 × 10-6 14.2359

ENSG00000196126 1.10313 × 10-6 9.14287

ENSG00000179344 8.43201 × 10-7 6.98856

ENSG00000204290 5.28293 × 10-7 4.37856

ENSG00000116793 4.17049 × 10-7 3.45655

ENSG00000081019 4.17049 × 10-7 3.45655

ENSG00000129965 3.03197 × 10-7 2.51294

ENSG00000254647 3.03197 × 10-7 2.51294

ENSG00000180176 3.03197 × 10-7 2.51294

ENSG00000167244 2.96451 × 10-7 2.45702

ENSG00000237541 2.85331 × 10-7 2.36486

ENSG00000204287 2.25475 × 10-7 1.86877

ENSG00000148737 1.82298 × 10-7 1.51091

ENSG00000232629 1.80438 × 10-7 1.49549

ENSG00000204536 1.11524 × 10-7 0.924323

ENSG00000137310 1.11524 × 10-7 0.924323

ENSG00000204531 1.11524 × 10-7 0.924323

ENSG00000206344 1.11524 × 10-7 0.924323

ENSG00000204392 1.04034 × 10-7 0.862246

ENSG00000204390 9.68184 × 10-8 0.802444

ENSG00000204389 9.68184 × 10-8 0.802444

ENSG00000204388 9.68184 × 10-8 0.802444

ENSG00000204387 9.68184 × 10-8 0.802444

ENSG00000204386 9.68184 × 10-8 0.802444

ENSG00000204252 8.09372 × 10-8 0.670819

Supplementary Table S28: For the type-1 diabetes
predictor: list of genes responsible for the top fifteen
values of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Diabetes - Type 2

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000148737 0.0000449243 24.795

ENSG00000073792 6.41139 × 10-6 3.53863

ENSG00000053918 3.32273 × 10-6 1.83391

ENSG00000145996 2.75949 × 10-6 1.52304

ENSG00000145730 1.68939 × 10-6 0.932423

ENSG00000173175 1.50627 × 10-6 0.831356

ENSG00000115970 1.40593 × 10-6 0.775975

ENSG00000164756 1.38849 × 10-6 0.766351

ENSG00000029534 1.36035 × 10-6 0.750819

ENSG00000165066 1.36035 × 10-6 0.750815

ENSG00000196781 1.29152 × 10-6 0.712827

ENSG00000138002 1.27887 × 10-6 0.705844

ENSG00000115226 1.27887 × 10-6 0.705844

ENSG00000084734 1.27887 × 10-6 0.705844

ENSG00000233438 1.27887 × 10-6 0.705844

ENSG00000152804 1.27043 × 10-6 0.70119

ENSG00000108175 1.24929 × 10-6 0.689518

ENSG00000149948 1.20786 × 10-6 0.666652

Supplementary Table S29: For the type-2 diabetes
predictor: list of genes responsible for the top fifteen
values of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Diastolic Blood Pressure

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000205517 0.00026354 0.802109
ENSG00000111252 0.00026058 0.793101
ENSG00000204842 0.000260509 0.792884
ENSG00000198003 0.000259275 0.789127
ENSG00000130175 0.000246709 0.750883
ENSG00000168038 0.000239419 0.728695
ENSG00000123454 0.00021092 0.641956
ENSG00000123453 0.000209687 0.638203
ENSG00000138821 0.000181787 0.553286
ENSG00000138675 0.000177214 0.539366
ENSG00000177000 0.000170691 0.519515
ENSG00000011021 0.000170045 0.517549
ENSG00000165995 0.000169235 0.515084
ENSG00000215910 0.000166846 0.507812
ENSG00000182511 0.000162822 0.495565

Supplementary Table S30: For the diastolic blood
pressure predictor: list of genes responsible for the
top fifteen values of variance accounted for by single
genes, and the corresponding variance values, both ex-
plicit and expressed as a percentage of the total pre-
dictor variance.
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Education Years

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000140945 0.000117975 0.234252
ENSG00000101489 0.000103631 0.20577
ENSG00000153310 0.0000979671 0.194524
ENSG00000179915 0.000093737 0.186125
ENSG00000145934 0.0000880685 0.174869
ENSG00000108684 0.000079856 0.158563
ENSG00000078328 0.0000798313 0.158514
ENSG00000119866 0.0000769443 0.152781
ENSG00000164061 0.0000741843 0.147301
ENSG00000188580 0.0000732577 0.145461
ENSG00000101109 0.000071637 0.142243
ENSG00000168702 0.0000694311 0.137863
ENSG00000075884 0.000068552 0.136117
ENSG00000183715 0.0000669065 0.13285
ENSG00000176171 0.0000657761 0.130606

Supplementary Table S31: For the education years
predictor: list of genes responsible for the top fifteen
values of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Gallstones

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000143921 0.0000278316 83.2315
ENSG00000138075 0.0000276955 82.8245
ENSG00000138036 0.0000268878 80.4092

ENSG00000152527 6.84056 × 10-7 2.0457

ENSG00000197249 5.88871 × 10-7 1.76105

ENSG00000105398 5.81249 × 10-7 1.73825

ENSG00000198589 5.33802 × 10-7 1.59636

ENSG00000170390 5.3318 × 10-7 1.5945

ENSG00000101076 4.42043 × 10-7 1.32195

ENSG00000005471 3.63638 × 10-7 1.08748

ENSG00000169903 3.58726 × 10-7 1.07279

ENSG00000085563 3.49533 × 10-7 1.0453

ENSG00000176920 2.11116 × 10-7 0.631352

ENSG00000176909 2.11116 × 10-7 0.631352

ENSG00000105538 2.11116 × 10-7 0.631352

ENSG00000182264 2.11116 × 10-7 0.631352

ENSG00000215114 1.42874 × 10-7 0.427272

ENSG00000167910 1.37481 × 10-7 0.411142

Supplementary Table S32: For the gallstones predic-
tor: list of genes responsible for the top fifteen val-
ues of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Glaucoma

Ensembl ID Variance Explained by Gene % of Total Predictor Variance

ENSG00000143149 1.91058 × 10-6 19.1727

ENSG00000143183 1.91058 × 10-6 19.1727

ENSG00000007237 4.46775 × 10-7 4.4834

ENSG00000264194 4.38653 × 10-7 4.4019

ENSG00000196526 3.18499 × 10-7 3.19614

ENSG00000264545 2.11973 × 10-7 2.12716

ENSG00000136944 1.45785 × 10-7 1.46296

ENSG00000077044 1.33192 × 10-7 1.33658

ENSG00000179008 1.19163 × 10-7 1.1958

ENSG00000184302 1.19163 × 10-7 1.1958

ENSG00000171435 1.09544 × 10-7 1.09927

ENSG00000147883 1.03397 × 10-7 1.0376

ENSG00000157110 9.30046 × 10-8 0.933304

ENSG00000183044 7.686 × 10-8 0.771292

ENSG00000115970 7.37166 × 10-8 0.739748

ENSG00000138193 7.18263 × 10-8 0.720779

ENSG00000112685 6.58665 × 10-8 0.660972

Supplementary Table S33: For the glaucoma predic-
tor: list of genes responsible for the top fifteen val-
ues of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Gout

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000118777 0.0000202008 56.9739

ENSG00000109667 4.39332 × 10-6 12.3908

ENSG00000138002 1.25013 × 10-6 3.52582

ENSG00000115226 1.25013 × 10-6 3.52582

ENSG00000084734 1.25013 × 10-6 3.52582

ENSG00000196616 1.23783 × 10-6 3.49115

ENSG00000248144 1.23783 × 10-6 3.49115

ENSG00000187758 1.23775 × 10-6 3.49093

ENSG00000233438 1.2312 × 10-6 3.47244

ENSG00000124568 1.04791 × 10-6 2.9555

ENSG00000124564 1.04791 × 10-6 2.9555

ENSG00000168065 1.02306 × 10-6 2.88542

ENSG00000197891 9.27473 × 10-7 2.61582

ENSG00000265491 4.92238 × 10-7 1.3883

ENSG00000174827 4.72186 × 10-7 1.33174

ENSG00000117281 4.72186 × 10-7 1.33174

ENSG00000165449 3.68976 × 10-7 1.04065

ENSG00000110076 3.15776 × 10-7 0.890607

ENSG00000179912 2.86978 × 10-7 0.809385

ENSG00000163935 2.22875 × 10-7 0.62859

ENSG00000272305 2.22875 × 10-7 0.62859

Supplementary Table S34: For the gout predictor:
list of genes responsible for the top fifteen values of
variance accounted for by single genes, and the corre-
sponding variance values, both explicit and expressed
as a percentage of the total predictor variance.
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Heart Attack

Ensembl ID Variance Explained by Gene % of Total Predictor Variance

ENSG00000198670 6.52514 × 10-6 21.325

ENSG00000154305 1.30816 × 10-6 4.27522

ENSG00000186063 1.30816 × 10-6 4.27522

ENSG00000112137 9.77669 × 10-7 3.19514

ENSG00000143126 8.24884 × 10-7 2.69582

ENSG00000134222 8.24884 × 10-7 2.69582

ENSG00000221986 8.24884 × 10-7 2.69582

ENSG00000130204 6.85983 × 10-7 2.24188

ENSG00000130203 6.85983 × 10-7 2.24188

ENSG00000130208 6.85983 × 10-7 2.24188

ENSG00000267467 6.69128 × 10-7 2.18679

ENSG00000224916 6.69128 × 10-7 2.18679

ENSG00000118526 6.56704 × 10-7 2.14619

ENSG00000130164 6.16851 × 10-7 2.01594

ENSG00000127616 5.64743 × 10-7 1.84565

ENSG00000234906 5.05309 × 10-7 1.65141

ENSG00000187498 3.40483 × 10-7 1.11274

ENSG00000091732 3.29055 × 10-7 1.07539

ENSG00000111252 2.99308 × 10-7 0.978174

ENSG00000204842 2.99308 × 10-7 0.978174

ENSG00000115970 2.8221 × 10-7 0.922297

ENSG00000112531 1.96104 × 10-7 0.640892

Supplementary Table S35: For the heart attack pre-
dictor: list of genes responsible for the top fifteen val-
ues of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Height

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000140470 0.00202515 0.885937
ENSG00000157766 0.00178485 0.780812
ENSG00000116183 0.00169709 0.742421
ENSG00000126001 0.0016775 0.733849
ENSG00000101019 0.00165261 0.722961
ENSG00000204183 0.00163949 0.717221
ENSG00000125965 0.00163949 0.717221
ENSG00000156218 0.00135713 0.593697
ENSG00000164161 0.0012893 0.564027
ENSG00000140443 0.00127966 0.559809
ENSG00000140511 0.00124035 0.54261
ENSG00000172201 0.00120895 0.528875
ENSG00000144535 0.00120723 0.52812
ENSG00000066827 0.00116436 0.509369
ENSG00000115380 0.00115624 0.505814
ENSG00000176124 0.00115192 0.503927

Supplementary Table S36: For the height predictor:
list of genes responsible for the top fifteen values of
variance accounted for by single genes, and the corre-
sponding variance values, both explicit and expressed
as a percentage of the total predictor variance.

High Cholesterol

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000130164 0.000159927 11.0888
ENSG00000130208 0.00014979 10.3859
ENSG00000130204 0.000142489 9.87962
ENSG00000130203 0.000141593 9.81752
ENSG00000127616 0.00013607 9.43459
ENSG00000221986 0.000104152 7.22154
ENSG00000143126 0.000104132 7.22014
ENSG00000134222 0.000104132 7.22014
ENSG00000267467 0.000095527 6.62348
ENSG00000224916 0.000095527 6.62348
ENSG00000130202 0.0000908673 6.3004
ENSG00000084674 0.0000722735 5.01117
ENSG00000137656 0.0000663571 4.60095
ENSG00000109917 0.0000660421 4.57911
ENSG00000110243 0.0000660421 4.57911
ENSG00000169174 0.0000637275 4.41863
ENSG00000162402 0.0000609838 4.22839
ENSG00000162399 0.000060702 4.20885

Supplementary Table S37: For the high cholesterol
predictor: list of genes responsible for the top fifteen
values of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Hypertension

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000138675 0.0000739221 1.42576
ENSG00000205517 0.0000609586 1.17573
ENSG00000198003 0.0000608256 1.17317
ENSG00000130175 0.0000590379 1.13869
ENSG00000171105 0.000048139 0.928475
ENSG00000111252 0.000042734 0.824227
ENSG00000204842 0.0000427337 0.824221
ENSG00000171303 0.000040641 0.783858
ENSG00000183346 0.0000364154 0.702357
ENSG00000140564 0.0000340002 0.655775
ENSG00000182511 0.0000340002 0.655775
ENSG00000196547 0.0000338974 0.653792
ENSG00000130592 0.000030334 0.585063
ENSG00000130598 0.0000302174 0.582815
ENSG00000165995 0.0000293892 0.56684
ENSG00000138193 0.0000276911 0.534089

Supplementary Table S38: For the hypertension pre-
dictor: list of genes responsible for the top fifteen val-
ues of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.
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Hypothyroidism

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000081019 0.0000352729 7.77261
ENSG00000134242 0.0000342818 7.55422
ENSG00000111252 0.0000295005 6.50062
ENSG00000204842 0.0000295005 6.50062
ENSG00000196735 0.0000240816 5.30654
ENSG00000179344 0.0000222207 4.89647
ENSG00000163599 0.0000145232 3.20029

ENSG00000273167 8.09495 × 10-6 1.78378

ENSG00000182957 8.09495 × 10-6 1.78378

ENSG00000134215 7.84936 × 10-6 1.72966

ENSG00000112182 6.94025 × 10-6 1.52933

ENSG00000204520 6.40646 × 10-6 1.41171

ENSG00000145012 5.63275 × 10-6 1.24122

ENSG00000100385 5.00989 × 10-6 1.10396

ENSG00000138378 4.95025 × 10-6 1.09082

ENSG00000223865 4.75552 × 10-6 1.04791

ENSG00000231389 4.74254 × 10-6 1.04505

Supplementary Table S39: For the hypothyroidism
predictor: list of genes responsible for the top fifteen
values of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Malignant Melanoma

Ensembl ID Variance Explained by Gene % of Total Predictor Variance

ENSG00000198211 5.68246 × 10-7 42.8898

ENSG00000258947 5.68246 × 10-7 42.8898

ENSG00000141002 5.51776 × 10-7 41.6467

ENSG00000258839 5.51776 × 10-7 41.6467

ENSG00000140995 4.88084 × 10-7 36.8394

ENSG00000077498 1.79479 × 10-7 13.5467

ENSG00000158805 1.08341 × 10-7 8.17731

ENSG00000187741 1.08341 × 10-7 8.17731

ENSG00000164362 7.85712 × 10-8 5.93036

ENSG00000049656 7.85712 × 10-8 5.93036

ENSG00000151789 2.6662 × 10-8 2.01238

ENSG00000005884 2.06455 × 10-8 1.55827

ENSG00000005882 2.06455 × 10-8 1.55827

ENSG00000172292 1.84488 × 10-8 1.39247

ENSG00000177946 1.64698 × 10-8 1.2431

ENSG00000101460 1.60221 × 10-8 1.20931

ENSG00000101464 1.60221 × 10-8 1.20931

ENSG00000159110 1.16468 × 10-8 0.879072

ENSG00000249624 1.16468 × 10-8 0.879072

ENSG00000243646 1.16468 × 10-8 0.879072

ENSG00000139644 1.11346 × 10-8 0.840415

ENSG00000145996 9.83099 × 10-9 0.742018

ENSG00000150995 9.41989 × 10-9 0.71099

Supplementary Table S40: For the malignant
melanoma predictor: list of genes responsible for the
top fifteen values of variance accounted for by single
genes, and the corresponding variance values, both ex-
plicit and expressed as a percentage of the total pre-
dictor variance.

Menopause

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000183878 0.339579 24.2854
ENSG00000125885 0.117767 8.42228
ENSG00000089195 0.116968 8.3651
ENSG00000127311 0.0924778 6.61366
ENSG00000160469 0.0629791 4.50402
ENSG00000180061 0.0629791 4.50402
ENSG00000133247 0.0629791 4.50402
ENSG00000160471 0.0629791 4.50402
ENSG00000267531 0.0629791 4.50402
ENSG00000187840 0.0441477 3.15727
ENSG00000163312 0.0322135 2.30379
ENSG00000163319 0.0322135 2.30379
ENSG00000163322 0.0322135 2.30379
ENSG00000087206 0.0251368 1.79769
ENSG00000113761 0.023128 1.65403
ENSG00000196531 0.017758 1.26998
ENSG00000198056 0.017758 1.26998
ENSG00000025423 0.017758 1.26998
ENSG00000151726 0.0165154 1.18112
ENSG00000158315 0.0160452 1.14749
ENSG00000116954 0.0160272 1.14621
ENSG00000214114 0.0160272 1.14621
ENSG00000274944 0.0160272 1.14621
ENSG00000131233 0.0160272 1.14621
ENSG00000155974 0.0154474 1.10474
ENSG00000234719 0.0121138 0.866332

Supplementary Table S41: For the menopause pre-
dictor: list of genes responsible for the top fifteen val-
ues of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Pulse Rate

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000092054 0.0016225 3.9998
ENSG00000197616 0.00157533 3.8835
ENSG00000163492 0.00150449 3.70887
ENSG00000166091 0.00120182 2.96274
ENSG00000166090 0.00114524 2.82326
ENSG00000155657 0.000932079 2.29777
ENSG00000149633 0.000932021 2.29762
ENSG00000100842 0.000742851 1.83128
ENSG00000196376 0.000581659 1.43391
ENSG00000182732 0.00052007 1.28208
ENSG00000165801 0.000430485 1.06123
ENSG00000165804 0.000430485 1.06123
ENSG00000232070 0.000430485 1.06123
ENSG00000165795 0.000428352 1.05598
ENSG00000173431 0.000428338 1.05594
ENSG00000174059 0.000394401 0.972278
ENSG00000089225 0.000315557 0.777911

Supplementary Table S42: For the pulse rate predic-
tor: list of genes responsible for the top fifteen val-
ues of variance accounted for by single genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.
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Systolic Blood Pressure

Ensembl ID Variance Explained by Gene % of Total Predictor Variance
ENSG00000205517 0.000244798 0.849217
ENSG00000165995 0.000244118 0.846856
ENSG00000198003 0.000241788 0.838773
ENSG00000130175 0.00023594 0.818486
ENSG00000011021 0.00020999 0.728465
ENSG00000177000 0.000203954 0.707526
ENSG00000215910 0.000203195 0.704894
ENSG00000070961 0.000200379 0.695125
ENSG00000171105 0.000196777 0.682628
ENSG00000138675 0.00019149 0.664289
ENSG00000198373 0.000156504 0.54292
ENSG00000157322 0.000156504 0.54292
ENSG00000138193 0.00014907 0.517132
ENSG00000196547 0.000140354 0.486896
ENSG00000165895 0.000137298 0.476292
ENSG00000065054 0.000124649 0.432413

Supplementary Table S43: For the systolic blood pres-
sure predictor: list of genes responsible for the top fif-
teen values of variance accounted for by single genes,
and the corresponding variance values, both explicit
and expressed as a percentage of the total predictor
variance.

Gallstones SNPs on DYNC2LI1

SNP ID Variance Explained by SNP % of Total Predictor Variance
Affx-20090007 0.0000257517 77.0116

rs17031488 6.80885 × 10-7 2.03622

rs7599296 4.55229 × 10-7 1.36138

Supplementary Table S44: For the gallstones predic-
tor: list of SNPs located on the novel DYNC2LI1
gene, and the corresponding variance values, both ex-
plicit and expressed as a percentage of the total pre-
dictor variance.

Glaucoma SNPs on ALDH9A1

SNP ID Variance Explained by SNP % of Total Predictor Variance

rs4656461 1.91058 × 10-6 19.1727

Supplementary Table S45: For the glaucoma predic-
tor: list of SNPs located on the novel ALDH9A1 gene,
and the corresponding variance values, both explicit
and expressed as a percentage of the total predictor
variance.

Malignant Melanoma SNPs on AC092143.1, TUBB3, TCF25, DEF8

SNP ID Variance Explained by SNP % of Total Predictor Variance

Affx-35293625 4.57025 × 10-7 34.4951

rs11538871 8.01617 × 10-8 6.0504

rs8063761 1.52938 × 10-8 1.15434

rs1805008 7.82105 × 10-9 0.590314

rs11547464 4.99642 × 10-9 0.377118

rs1805009 1.77245 × 10-9 0.13378

rs8049897 1.12683 × 10-9 0.0850505

rs117204628 4.91714 × 10-11 0.00371134

Supplementary Table S46: For the malignant
melanoma predictor: list of SNPs located on the novel
AC092143.1, TUBB3, TCF25, and DEF8 genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance.

Menopause SNPs on UTY

SNP ID Variance Explained by SNP % of Total Predictor Variance
rs1236440 0.339579 24.2854

Supplementary Table S47: For the menopause pre-
dictor: list of SNPs located on the novel UTY gene,
and the corresponding variance values, both explicit
and expressed as a percentage of the total predictor
variance.

Basal Cell Carcinoma Predictor SNPs located on IRF4 and TGM3

SNP ID Variance Explained by SNP % of Total Predictor Variance Associated Gene

rs12203592 9.11032 × 10-7 28.4835 ENSG00000137265

rs214803 3.86761 × 10-7 12.0921 ENSG00000125780

Supplementary Table S48: List of basal cell carci-
noma predictor SNPs located on the IRF4 and TGM3
genes, and the corresponding variance values, both ex-
plicit and expressed as a percentage of the total pre-
dictor variance. The rightmost column displays the
gene on which the SNP is located.

Breast Cancer Predictor SNPs located on FGFR2 and TOX3

SNP ID Variance Explained by SNP % of Total Predictor Variance Associated Gene
rs2981575 0.000020383 14.1895 ENSG00000066468
rs4784227 0.0000200051 13.9264 ENSG00000103460

rs2981579 8.2982 × 10-7 0.577674 ENSG00000066468

rs1219648 2.33801 × 10-8 0.0162759 ENSG00000066468

rs45512493 1.10672 × 10-8 0.00770439 ENSG00000103460

rs3803662 7.29627 × 10-10 0.000507925 ENSG00000103460

rs4784220 3.98991 × 10-10 0.000277755 ENSG00000103460

Supplementary Table S49: List of breast cancer pre-
dictor SNPs located on the FGFR2 and TOX3 genes,
and the corresponding variance values, both explicit
and expressed as a percentage of the total predictor
variance. The rightmost column displays the gene on
which the SNP is located.
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Type-2 Diabetes Predictor SNPs located on TCF7L2

SNP ID Variance Explained by SNP % of Total Predictor Variance Associated Gene
rs7903146 0.000044865 24.7623 ENSG00000148737

rs34855922 5.22513 × 10-8 0.028839 ENSG00000148737

rs11196181 3.41416 × 10-9 0.00188437 ENSG00000148737

rs1362943 2.6939 × 10-9 0.00148684 ENSG00000148737

rs7908486 9.94264 × 10-10 0.000548763 ENSG00000148737

Supplementary Table S50: List of type-2 diabetes pre-
dictor SNPs located on the TCF7L2 gene, and the
corresponding variance values, both explicit and ex-
pressed as a percentage of the total predictor variance.
The rightmost column displays the gene on which the
SNP is located.

Gallstones Predictor SNPs located on ABCG8, ABCG5, and DYNC2LI1

SNP ID Variance Explained by SNP % of Total Predictor Variance Associated Gene
Affx-20090007 0.0000257517 77.0116 ENSG00000138036
Affx-20090007 0.0000257517 77.0116 ENSG00000138075
Affx-20090007 0.0000257517 77.0116 ENSG00000143921

rs4245791 1.48854 × 10-6 4.45153 ENSG00000138075

rs4245791 1.48854 × 10-6 4.45153 ENSG00000143921

rs17031488 6.80885 × 10-7 2.03622 ENSG00000138036

rs7599296 4.55229 × 10-7 1.36138 ENSG00000138036

rs7599296 4.55229 × 10-7 1.36138 ENSG00000138075

rs7599296 4.55229 × 10-7 1.36138 ENSG00000143921

Affx-20090699 1.36103 × 10-7 0.407021 ENSG00000143921

Supplementary Table S51: List of gallstones pre-
dictor SNPs located on the ABCG8, ABCG5 and
DYNC2LI1 genes, and the corresponding variance
values, both explicit and expressed as a percentage of
the total predictor variance. The rightmost column
displays the gene on which the SNP is located.

Glaucoma Predictor SNPs located on ALDH9A1 and TMCO1

SNP ID Variance Explained by SNP % of Total Predictor Variance Associated Gene

rs4656461 1.91058 × 10-6 19.1727 ENSG00000143149

rs4656461 1.91058 × 10-6 19.1727 ENSG00000143183

Supplementary Table S52: List of glaucoma predictor
SNPs located on the ALDH9A1 and TMCO1 genes,
and the corresponding variance values, both explicit
and expressed as a percentage of the total predictor
variance. The rightmost column displays the gene on
which the SNP is located.

Gout Predictor SNPs located on ABCG2 and SLC2A9

SNP ID Variance Explained by SNP % of Total Predictor Variance Associated Gene
rs2231142 0.0000194608 54.8867 ENSG00000118777

rs3775948 2.81558 × 10-6 7.94098 ENSG00000109667

rs16890979 7.25401 × 10-7 2.0459 ENSG00000109667

rs3114020 6.42128 × 10-7 1.81104 ENSG00000118777

rs16891234 4.02312 × 10-7 1.13467 ENSG00000109667

rs13129697 2.26603 × 10-7 0.639104 ENSG00000109667

rs73223775 1.58984 × 10-7 0.448395 ENSG00000109667

rs3114018 7.09016 × 10-8 0.199969 ENSG00000118777

rs737267 2.99228 × 10-8 0.0843934 ENSG00000109667

rs34783571 2.70102 × 10-8 0.0761788 ENSG00000118777

rs114756544 1.86542 × 10-8 0.0526118 ENSG00000109667

rs734553 1.19146 × 10-8 0.0336035 ENSG00000109667

rs6833878 1.95564 × 10-9 0.00551565 ENSG00000109667

rs73225891 1.45697 × 10-9 0.00410921 ENSG00000109667

rs3733591 5.42004 × 10-10 0.00152865 ENSG00000109667

Supplementary Table S53: List of gout predictor
SNPs located on the ABCG2 and SLC2A9 genes, and
the corresponding variance values, both explicit and
expressed as a percentage of the total predictor vari-
ance. The rightmost column displays the gene on
which the SNP is located.

Heart Attack Predictor SNPs located on LPA

SNP ID Variance Explained by SNP % of Total Predictor Variance Associated Gene

rs10455872 4.42645 × 10-6 14.4662 ENSG00000198670

rs117733303 2.05337 × 10-6 6.71066 ENSG00000198670

rs73596816 2.92187 × 10-8 0.0954903 ENSG00000198670

rs9457998 1.6105 × 10-8 0.0526332 ENSG00000198670

Supplementary Table S54: List of heart attack pre-
dictor SNPs located on the LPA gene, and the corre-
sponding variance values, both explicit and expressed
as a percentage of the total predictor variance. The
rightmost column displays the gene on which the SNP
is located.
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Malignant Melanoma Predictor SNPs located on AC092143.1, TUBB3, TCF25, MC1R and DEF8

SNP ID Variance Explained by SNP % of Total Predictor Variance Associated Gene

Affx-35293625 4.57025 × 10-7 34.4951 ENSG00000141002

Affx-35293625 4.57025 × 10-7 34.4951 ENSG00000258839

Affx-35293625 4.57025 × 10-7 34.4951 ENSG00000198211

Affx-35293625 4.57025 × 10-7 34.4951 ENSG00000258947

Affx-35293625 4.57025 × 10-7 34.4951 ENSG00000140995

rs11538871 8.01617 × 10-8 6.0504 ENSG00000141002

rs11538871 8.01617 × 10-8 6.0504 ENSG00000258839

rs11538871 8.01617 × 10-8 6.0504 ENSG00000198211

rs11538871 8.01617 × 10-8 6.0504 ENSG00000258947

rs8063761 1.52938 × 10-8 1.15434 ENSG00000198211

rs8063761 1.52938 × 10-8 1.15434 ENSG00000258947

rs8063761 1.52938 × 10-8 1.15434 ENSG00000140995

rs1805008 7.82105 × 10-9 0.590314 ENSG00000141002

rs1805008 7.82105 × 10-9 0.590314 ENSG00000258839

rs1805008 7.82105 × 10-9 0.590314 ENSG00000198211

rs1805008 7.82105 × 10-9 0.590314 ENSG00000258947

rs1805008 7.82105 × 10-9 0.590314 ENSG00000140995

rs11547464 4.99642 × 10-9 0.377118 ENSG00000141002

rs11547464 4.99642 × 10-9 0.377118 ENSG00000258839

rs11547464 4.99642 × 10-9 0.377118 ENSG00000198211

rs11547464 4.99642 × 10-9 0.377118 ENSG00000258947

rs11547464 4.99642 × 10-9 0.377118 ENSG00000140995

rs1805009 1.77245 × 10-9 0.13378 ENSG00000141002

rs1805009 1.77245 × 10-9 0.13378 ENSG00000258839

rs1805009 1.77245 × 10-9 0.13378 ENSG00000198211

rs1805009 1.77245 × 10-9 0.13378 ENSG00000258947

rs1805009 1.77245 × 10-9 0.13378 ENSG00000140995

rs8049897 1.12683 × 10-9 0.0850505 ENSG00000198211

rs8049897 1.12683 × 10-9 0.0850505 ENSG00000258947

rs8049897 1.12683 × 10-9 0.0850505 ENSG00000140995

rs117204628 4.91714 × 10-11 0.00371134 ENSG00000198211

rs117204628 4.91714 × 10-11 0.00371134 ENSG00000258947

rs117204628 4.91714 × 10-11 0.00371134 ENSG00000140995

Supplementary Table S55: List of malig-
nant melanoma predictor SNPs located on the
AC092143.1, TUBB3, TCF25, MC1R and DEF8
genes, and the corresponding variance values, both
explicit and expressed as a percentage of the total
predictor variance. The rightmost column displays
the gene on which the SNP is located.

Menopause Predictor SNPs located on UTY

SNP ID Variance Explained by SNP % of Total Predictor Variance Associated Gene
rs1236440 0.339579 24.2854 ENSG00000183878

Supplementary Table S56: List of menopause predic-
tor SNPs located on the UTY gene, and the corre-
sponding variance values, both explicit and expressed
as a percentage of the total predictor variance. The
rightmost column displays the gene on which the SNP
is located.

Appendix C: Supplementary Methods

UK Biobank Array Sequencing Data

Predictors (with the exception of the CAD predictor from [1]) were originally trained using the 2018 re-
lease of the UK Biobank data. Predictor training was restricted to genetically British individuals (as
defined using ancestry principal component analysis performed by UK Biobank) [2, 3]. In 2018, the
UK Biobank re-released the dataset representing approximately 500,000 individuals genotyped on two
Affymetrix platforms - approximately 50,000 samples on the UKB BiLEVE Axiom array and the re-
mainder on the UKB Biobank Axiom array. The genotype information was collected for 488,377 indi-
viduals, and 805,426 SNPs, which were then subsequently imputed to a much larger number of SNPs.
More details about the design of the array can be found on these documents from the UK Biobank web-
site: an Axiom array content summary: http://www.ukbiobank.ac.uk/wp-content/uploads/2014/04/
UK-Biobank-Axiom-Array-Content-Summary-2014-1.pdf, and the document detailing the Axiom array:
http://www.ukbiobank.ac.uk/wp-content/uploads/2014/04/UK-Biobank-Axiom-Array-Datasheet-2014-1.
pdf. Further information about the genotyping and phenotyping used to build the original predictors can
be found in [1, 4].

UK Biobank Exome Sequencing Data

In March 2019, the UK Biobank released whole-exome sequencing (WES) data for 49,960 participants [5].
Selection of participants for the study prioritized individuals with whole-body MRI imaging data from the UK
Biobank Imaging Study, enhanced baseline measurements, hospital episode statistics (HES), linked primary
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Phenotype # Case Train # Control Train # Case Val # Control Val # Active
asthma 46,692 354,153 500 500 13,386
atrial fibrillation 2,939 397,906 500 500 207
basal cell carcinoma 3,624 397,221 500 500 116
breast cancer 8977 208,716 200 200 1,805
type-1 diabetes 11,006 390,439 500 500 3,175
type-2 diabetes 2,223 398,622 500 500 3,479
gallstones 17,210 394,409 500 500 274
glaucoma 3,991 396,854 500 500 1,385
gout 541 395,444 500 500 766
heart attack 8,960 391,885 500 500 1,433
high cholesterol 51,405 349,440 500 500 6,390
hypertension 106,287 294,558 500 500 17,753
hypothyroidism 19,816 381,029 500 500 5,953

Supplementary Table S57: The number of cases and controls used in the training and validation sets for
case-control phenotypes, and the sizes of the resultant active sets.

care records, and admission to hospital with a primary diagnosis of asthma. In regards to age, sex and
ancestry, the sequenced individuals are representative of the overall UK Biobank cohort. The sample set has
194 parent-offspring pairs, including 26 mother-father-child trios, 613 full-sibling pairs, 1 monozygotic twin
pair and 195 second-degree genetically determined relationships.

Exomes were captured using a version of the IDT xGen Exome Research Panel v1.0. Multiplexed samples
were sequenced with dual-indexed 75 x 75 bp paired-end reads on the Illumina NovaSeq 6000 platform using
S2 flow cells. The specific genomic regions targeted for sequencing covered 39 megabases of the human
genome, corresponding to 19,396 genes. In addition, the regions measuring 100 bp and located directly
upstream and downstream of each target region were also sequenced.

A total of 4,735,722 variants located in targeted regions were identified. With adjacent (non-targeted)
100 bp regions included in the tally, a total of 9,693,526 indel and single nucleotide variants (SNVs) were
observed. While only the target regions are required to meet all sequencing quality standards such as unique
read coverage, variants in both target and adjacent regions were subjected to the same variant quality control
metrics. Approximately 14% of coding variants identified via whole-exome sequencing were observed in the
imputed sequence of 49,797 participants with both whole-exome sequencing and imputed data. 22.6% of the
coding variants in the imputed data were not observed in the whole-exome sequencing data.

About Our Predictors

Predictors were derived as follows: For every phenotype considered, a small subset of the genetically British
grouping of UK Biobank participants was set aside for validation, and then the predictors were trained on a
large remaining subset - see Supplementary Tables S57 and S58 for the exact training and validation set sizes.
Cross-validation was performed several times, and one predictor was randomly selected as the representative
predictor for that particular phenotype. Each predictor consists of a set of SNP ID’s, weights, effect alleles,
and a value of the penalization parameter λ. True out-of-sample testing and adjacent ancestry testing was
performed for many of these predictors in [4, 6]. More information can be found in the Methods section of
the main text, and in [4, 6].

As described in the Methods section of the main text, the L1-penalized LASSO regression is not expected
to output weights such that X ·β is of order 1. However, we can still record what the total value of variance,∑

2β2
i fi(1− fi), is for each predictor (Supplementary Table S59).
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Phenotype # Train # Control # Active
diastolic blood pressure 428,981 5,000 18,383
education years 450,637 5,000 19,498
height 416,452 39,787 25,829
menopause 115,847 5,000 6,170
pulse rate 428,981 5,000 16,941
systolic blood pressure 428,977 5,000 17,097

Supplementary Table S58: The sizes of the training and control sets for continuous phenotypes, and the sizes
of the resultant active sets.

Phenotype
∑

i 2β
2
i fi(1− fi)

asthma 0.0016
atrial fibrillation 58e-7
basal cell carcinoma 32e-7
breast cancer 14e-5
coronary artery disease 0.0025
type-1 diabetes 12e-6
type-2 diabetes 18e-5
diastolic blood pressure 0.033
education years 0.05
gallstones 33e-6
glaucoma 1e-5
gout 35e-6
heart attack 31e-6
height 0.23
high cholesterol 0.0014
hypertension 0.0052
hypothyroidism 45e-5
malignant melanoma 13e-7
menopause 1.4
pulse rate 0.041
systolic blood pressure 0.029

Supplementary Table S59: Values of total predictor variance,
∑

i 2β
2
i fi(1 − fi), for each phenotype that we

consider in this paper. Each value is rounded to two significant figures.
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Appendix D: Supplementary Note

SNP-Based Heritability and Genetic Correlations of Phenotypes

Supplementary Table S60 displays a list of previously published estimates of the SNP-based heritability
calculated using REML methods, for each phenotype that we consider.

The Neale lab has produced a large, ongoing analysis of heritability, genetic correlations, and GWAS
analysis of thousands of UK Biobank phenotypes [22]. Using the heritability and genetic correlation browser
from [22], we quote the SNP-based heritability and genetic correlations calculated by them for our selection
of phenotypes in Supplementary Table S61 and Supplementary Figures S62 and S63.

The Neale group uses LD Score regression [23] to estimate heritability. It is stressed that this method of
estimating heritability is very rough, and the authors hint that other methods, like REML or linear mixed
models, might give more precise estimates. (These other models are also very sensitive to SNP content,
sample sizes, and biases [24–31]). For this reason, we only quote the genetic heritability central value, h2g,
and the p-value associated with whether any genetic heritability has been measured. To reproduce these
results, find standard errors, sample sizes, etc. - see [22].
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Phenotype Published Values of h2g Estimated Using REML Methods
asthma 0.152(0.018)[7]; 0.264(0.067)[8]
atrial fibrillation 0.096(0.012)[9]; 0.221(0.064)[10]; 0.238(0.025)[11]
basal cell carcinoma N/A
breast cancer 0.117(0.051)[8]; 0.13(0.13)[12]
CAD 0.092(0.015)[7]; 0.159(0.002)[13]; 0.146(0.017)[8]; 0.216(0.016)[11]
type-1 diabetes 0.32(0.04)[14]
type-2 diabetes 0.297(0.022)[7]; 0.073(0.002)[13]; 0.254(0.041)[8]; 0.51(0.065)[15]
diastolic blood pressure 0.197(0.005)[11]
education years 0.194(0.002)[13]
gallstones N/A
glaucoma 0.42(0.09)[16]
gout 0.236(0.160)[17]; 0.27(0.04)[18]
heart attack 0.190(0.025)[11]; 0.41(0.067)[15]

height 0.578(0.002)[13]; 0.50(0.18)[19]; 0.46(0.05)[19];
0.45(0.08)[20]; 0.399(0.017)[8]; 0.614(0.004)[11]

high cholesterol N/A
hypertension 0.255(0.014)[7]; 0.310(0.008)[11]
hypothyroidism 0.086(0.002)[13]
malignant melanoma 0.19(0.18)[12]; 0.3(0.2)[12]
menopause 0.136(0.053)[8]
pulse rate 0.13(0.01)[21]
systolic blood pressure 0.198(0.005)[11]; 0.24(0.05)[19]

Supplementary Table S60: Previously published estimates of the SNP-based heritability (with the standard
error in parentheses and corresponding citation in square brackets directly following each estimate) calculated
using REML methods, for each phenotype that we consider. All genetic data sets used were restricted to
participants with majority European or British ancestry.

Phenotype h2g p-value Phenotype h2g p-value
asthma 0.170 2.81e-36 height 0.485 6.14e-110
atrial fibrillation 0.144 1.27e-8 high cholesterol 0.126 3.22e-25
basal cell carcinoma 0.178 4.02e-6 hypertension 0.238 4.24e-116
breast cancer 0.144 8.15e-09 hypothyroidism 0.232 1.58e-22
diastolic blood pressure 0.143 1.10e-135 malignant melanoma 0.127 0.00296
education Years 0.105 1.15e-108 menopause 0.115 1.41e-19
gallstones 0.0867 3.67e-5 pulse rate 0.143 2.16e-25
glaucoma 0.128 1.90e-5 systolic blood pressure 0.151 4.93e-126
gout 0.248 1.09e-4 type-1 diabetes 0.219 0.0225
heart attack 0.144 7.06e-13 type-2 diabetes 0.123 0.00274

Supplementary Table S61: SNP-based heritability estimates, h2g, and the corresponding p-values, calculated
using LD score regression in [22].
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menopause high cholesterol height hypothyroidism heart attack pulse rate asthma diastolic bp hypertension systolic bp edu years atrial fibrillation

menopause 1 -0.08 0.02 -0.05 -0.11 -0.04 -0.11 -0.06 -0.08 -0.02 0.19 0.05

high cholesterol -0.08 1 -0.2 0.17 0.6 0.13 0.09 0.37 0.57 0.42 -0.26 0.02

height 0.02 -0.2 1 0.01 -0.18 -0.08 -0.08 -0.12 -0.12 -0.15 0.23 0.24

hypothyroidism -0.05 0.17 0.01 1 0.18 -0.05 0.07 0.05 0.1 0.01 -0.12 0.02

heart attack -0.11 0.6 -0.18 0.18 1 0.13 0.13 0.34 0.51 0.35 -0.38 0.17

pulse rate -0.04 0.13 -0.08 -0.05 0.13 1 0.08 0.29 0.11 0.03 -0.09 -0.03

asthma -0.11 0.09 -0.08 0.07 0.13 0.08 1 0.07 0.11 0.06 -0.14 0.02

diastolic bp -0.06 0.37 -0.12 0.05 0.34 0.29 0.07 1 0.78 0.67 -0.24 0.15

hypertension -0.08 0.57 -0.12 0.1 0.51 0.11 0.11 0.78 1 0.79 -0.29 0.17

systolic bp -0.02 0.42 -0.15 0.01 0.35 0.03 0.06 0.67 0.79 1 -0.21 0.16

edu years 0.19 -0.26 0.23 -0.12 -0.38 -0.09 -0.14 -0.24 -0.29 -0.21 1 -0.02

atrial fibrillation 0.05 0.02 0.24 0.02 0.17 -0.03 0.02 0.15 0.17 0.16 -0.02 1

Supplementary Figure S62: Genetic correlation estimates for some of the phenotypes examined in this paper.
Results are quoted from [22]. Notable overlaps are: heart attack and high cholesterol at .6, hypertension and
high cholesterol at .57, hypertension and heart attack at .51, systolic blood pressure and hypertension at .79,
hypertension and diastolic blood pressure at .78, systolic blood pressure and diastolic blood pressure at .67,
and diastolic blood pressure and pulse rate at .29.
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menopause high cholesterol height hypothyroidism heart attack pulse rate asthma diastolic bp hypertension systolic bp edu years atrial fibrillation

menopause -100 -1.4 -0.5 -0.57 -1.7 -0.62 -2.4 -1.4 -2.2 -0.28 -9.3 -0.54

high cholesterol -1.4 -100 -23. -4.5 -35. -2.9 -2.4 -27. -67. -37. -14. -0.15

height -0.5 -23. -100 -0.092 -8.8 -3.5 -4.4 -10. -9.6 -16. -47. -13.

hypothyroidism -0.57 -4.5 -0.092 -100 -3.2 -0.72 -1.1 -0.61 -1.9 -0.11 -3.7 -0.22

heart attack -1.7 -35. -8.8 -3.2 -100 -2.6 -3. -16. -47. -17. -20. -2.1

pulse rate -0.62 -2.9 -3.5 -0.72 -2.6 -100 -2.2 -32. -5.7 -0.6 -2.5 -0.25

asthma -2.4 -2.4 -4.4 -1.1 -3. -2.2 -100 -2.4 -4.2 -1.7 -7.6 -0.19

diastolic bp -1.4 -27. -10. -0.61 -16. -32. -2.4 -100 -100 -100 -31. -4.5

hypertension -2.2 -67. -9.6 -1.9 -47. -5.7 -4.2 -100 -100 -100 -38. -6.1

systolic bp -0.28 -37. -16. -0.11 -17. -0.6 -1.7 -100 -100 -100 -24. -4.1

edu years -9.3 -14. -47. -3.7 -20. -2.5 -7.6 -31. -38. -24. -100 -0.19

atrial fibrillation -0.54 -0.15 -13. -0.22 -2.1 -0.25 -0.19 -4.5 -6.1 -4.1 -0.19 -100

Supplementary Figure S63: Log10(p-value) corresponding to the genetic correlation results cited in Supple-
mentary Figure S62. Values of −100 correspond to p-values that are 0 to within floating precision. All values
are quoted from [22].
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