Additional file

Phenome-wide association study on miRNA-related sequence
variants: the UK Biobank

Rima Mustafa, MD PhD*23# Mohsen Ghanbari, MD PhD?®, Ville Karhunen, PhD®’, Marina
Evangelou, PhD8, Abbas Dehghan, MD PhD2%*

Affiliations

!Department of Epidemiology and Biostatistics, Imperial College London, London, UK.
2UK Dementia Research Institute, Imperial College London, London, UK.

3Big Data Institute, Li Ka Shing Centre for Health Information and Discovery, University of
Oxford, Oxford, UK.

“Nuffield Department of Population Health, University of Oxford, Oxford, UK.
*Department of Epidemiology, Erasmus MC, Rotterdam, The Netherlands.

®Research Unit of Mathematical Sciences, University of Oulu, Oulu, Finland.

'Research Unit of Population Health, University of Oulu, Oulu, Finland.

8Department of Mathematics, Imperial College London, London, UK.

SMRC Centre for Environment and Health, Imperial College London, London, UK.
Running title: Phenome-wide association study of genetic variants in microRNAs

Corresponding authors

Abbas Dehghan, MD PhD

Department of Epidemiology & Biostatistics
Imperial College London

St Mary’s Campus, Norfolk Place, W2 1PG
London, United Kingdom

Email: a.dehghan@imperial.ac.uk



mailto:a.dehghan@imperial.ac.uk

Table S1. The list of 346 genetic variants tested in PheWAS

chr bp rsid EA EAF location pre_id mature_id
1 1102563 rs72563729 A 0.99 pre-miRNA hsa-mir-200b NA
1 1231507 rs619608 A 0.95 Seed hsa-mir-6726 hsa-miR-6726-3p
1 12251808 rs653667 G 0.64 pre-miRNA hsa-mir-4632 NA
1 12639018 rs2275874 T 0.46 pre-miRNA hsa-mir-6730 NA
1 17604437 rs72646786 T 0.86 pre-miRNA hsa-mir-3972 NA
1 20960230 rs45530340 T 0.80 pre-miRNA hsa-mir-6084 NA
1 54519800 rs74085143 A 0.98 Seed hsa-mir-4781 hsa-miR-4781-3p
1 55691384 rs17111728 C 0.92 pre-miRNA hsa-mir-4422 NA
1 65523519 rs521188 G 0.97 pre-miRNA hsa-mir-3671 NA
1 67094171 rs12402181 A 0.84 Seed hsa-mir-3117 hsa-miR-3117-3p
1 98510847  rs74904371 T 0.98 Seed hsa-mir-2682 hsa-miR-2682-3p
1 117102649 rs1414273 T 0.88 pre-miRNA hsa-mir-548ac NA
1 178646884 rs56088671 T 0.93 pre-miRNA hsa-mir-4424 NA
1 206648147 rs1953090 G 0.74 pre-miRNA hsa-mir-6769b NA
1 224585958 rs7522956 C 0.79 pre-miRNA hsa-mir-4742 NA
1 228284991 rs2070960 T 0.92 Seed hsa-mir-3620 hsa-miR-3620-5p
1 233759918 rs701213 C 0.79 pre-miRNA hsa-mir-4427 NA
1 233759939 rs701214 T 0.91 pre-miRNA hsa-mir-4427 NA
1 234442257 rs877722 T 0.90 pre-miRNA hsa-mir-4671 NA
2 6790537 rs10192411 G 0.58 pre-miRNA hsa-mir-7515 NA
2 12877501 rs5829384 GA 0.37 pre-miRNA hsa-mir-3125 NA
2 35696519 rs62143301 A 0.89 Mature hsa-mir-548ad hsa-miR-548ad-3p
2 47604856 rs114803590 c 0.99 pre-miRNA hsa-mir-559 NA
2 47604866 rs58450758 T 0.92 pre-miRNA hsa-mir-559 NA
2 52929680 rs6726779 C 0.65 pre-miRNA hsa-mir-4431 NA
2 56210140 rs41291173 A 0.98 Mature hsa-mir-217 hsa-miR-217-3p
2 56216090 rs41291179 T 0.95 pre-miRNA hsa-mir-216a NA
2 60614572  rs243080 A 0.55 pre-miRNA hsa-mir-4432 NA
2 60614577 rs56239160 G 0.95 pre-miRNA hsa-mir-4432 NA
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EA: effect allele, EAF: effect allele frequency



Table S2. 122 FDR-significant hits in PheWAS

group description phenotype snp location pre_id mature_id EA EAF n_cases OR(95%CI)
circulatory system Hypertension 401 rs2168518 Seed hsa-mir-4513 hsa-miR-4513 A 0.68 91878 0.96(0.95-0.98) 8.47E-10
circulatory system Essential hypertension 401.1 rs2168518 Seed hsa-mir-4513 hsa-miR-4513 A 0.68 91605 0.96(0.95-0.98) 1.06E-09
circulatory system Atrial fibrillation and flutter 427.2 rs547611708 pre-miRNA hsa-mir-1225 NA TC 0.01 18289 1.32(1.2-1.45) 3.61E-09
circulatory system Essential hypertension 401.1 rs367805 pre-miRNA  hsa-mir-3936 NA C 0.7 91605 0.97(0.96-0.98) 1.76E-07
circulatory system Hypertension 401 rs367805 pre-miRNA  hsa-mir-3936 NA 0.7 91878 0.97(0.96-0.98) 1.92E-07
circulatory system Hypertension 401 rs2070960 Seed hsa-mir-3620 hsa-miR-3620- T 0.08 91878 0.95(0.93-0.97) 3.70E-07
S5p
circulatory system Essential hypertension 401.1 rs2070960 Seed hsa-mir-3620 hsa-miR-3620- T 0.08 91605 0.95(0.93-0.97) 5.01E-07
5p
circulatory system Essential hypertension 401.1 rs3817551 Mature hsa-mir-7107 hsa-miR-7107- G 0.4 91605 0.97(0.96-0.98) 7.38E-07
3p
circulatory system Hypertension 401 rs3817551 Mature hsa-mir-7107 hsa-miR-7107- G 0.4 91878 0.97(0.96-0.98) 1.14E-06
3p
circulatory system Hypertension 401 rs11382316  Seed hsa-mir-3161 hsa-miR-3161 TA 0.79 91878 1.03(1.02-1.05) 1.66E-06
circulatory system Essential hypertension 401.1 rs11382316  Seed hsa-mir-3161 hsa-miR-3161 TA 0.79 91605 1.03(1.02-1.05) 1.77E-06
circulatory system Essential hypertension 401.1 rs4687672 Mature hsa-mir-8064 hsa-miR-8064 A 0.23 91605 1.03(1.02-1.04) 2.65E-06
circulatory system Hypertension 401 rs4687672 Mature hsa-mir-8064 hsa-miR-8064 A 0.23 91878 1.03(1.02-1.04) 2.91E-06
circulatory system Essential hypertension 401.1 rs2925980 Seed hsa-mir-7854 hsa-miR-7854- G 0.33 91605 0.97(0.96-0.99) 7.03E-06
3p
circulatory system Varicose veins 454 rs70990234  pre-miRNA  hsa-mir-6891 NA TGAAGGGCTC 0.35 12342 0.94(0.91-0.97) 7.22E-06
CA
circulatory system Hypertension 401 rs2925980 Seed hsa-mir-7854 hsa-miR-7854- G 0.33 91878 0.97(0.96-0.99) 7.40E-06
3p
circulatory system Ischemic Heart Disease 411 rs12456845  pre-miRNA  hsa-mir-4744 NA C 0.05 35220 1.09(1.05-1.13) 8.39E-06
circulatory system Varicose veins of lower 454.1 rs70990234 pre-miRNA  hsa-mir-6891 NA TGAAGGGCTC 0.35 11809 0.94(0.91-0.97) 8.98E-06
extremity CA
circulatory system Essential hypertension 401.1 rs2427556 pre-miRNA  hsa-mir-941- NA A 0.21 91605 1.03(1.02-1.04) 1.01E-05
1
circulatory system Hypertension 401 rs2427556 pre-miRNA  hsa-mir-941- NA A 0.21 91878 1.03(1.02-1.04) 1.05E-05
1
circulatory system Raynaud's syndrome 443.1 rs67976778 pre-miRNA  hsa-mir-4305 NA 0.39 1404 1.18(1.09-1.27) 1.70E-05
congenital Other and unspecified 759 rs374409015 Seed hsa-mir-4467 hsa-miR-4467 T 0.04 217 2.27(1.58-3.26) 9.34E-06
anomalies congenital anomalies
dermatologic Psoriasis 696.4 rs70990234  pre-miRNA hsa-mir-6891 NA TGAAGGGCTC 0.35 2733 1.47(1.39-1.55) 1.28E-43
CA
dermatologic Psoriasis and related 696 rs70990234  pre-miRNA hsa-mir-6891 NA TGAAGGGCTC 0.35 2798 1.45(1.38-1.53) 3.05E-42
disorders CA
dermatologic Psoriasis vulgaris 696.41 rs70990234  pre-miRNA hsa-mir-6891 NA TGAAGGGCTC 0.35 2062 1.53(1.44-1.63) 1.56E-41
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endocrine/metabolic  Hypothyroidism NOS 244.4 rs17881225 pre-miRNA  hsa-mir-6891 NA C 0.1 17127 0.83(0.8-0.86) 2.99E-21
endocrine/metabolic  Hypothyroidism 244  rs17881225 pre-miRNA  hsa-mir-6891 NA c 0.1 17960 0.83(0.8-0.86) 3.43E-21
endocrine/metabolic  Type 1 diabetes 250.1 rs4285314 pre-miRNA  hsa-mir- NA A 0.46 2840 0.78(0.74-0.82) 2.50E-20
endocrine/metabolic  Type 1 diabetes 250.1 rs2276448 Seed ﬁig-SnEir-ngl hsa-miR-6891- C 0.14 2840 0.74(0.68-0.81) 3.55E-12
endocrine/metabolic  Type 1 diabetes with 250.11 rs4285314 pre-miRNA  hsa-mir- ﬁl& A 0.46 271 0.52(0.44-0.63) 4.62E-12
ketoacidosis 3135b
endocrine/metabolic  Type 1 diabetes 250.1 rs17881225 pre-miRNA  hsa-mir-6891 NA C 0.1 2840 1.3(1.21-1.41) 3.90E-11
endocrine/metabolic  Hypothyroidism 244 rs368791729 Mature hsa-mir-3939 hsa-miR-3939 G 0.38 17960 1.08(1.06-1.11) 8.06E-11
endocrine/metabolic  Hypothyroidism 244 rs370955537 Mature hsa-mir-3939 hsa-miR-3939 C 0.38 17960 1.08(1.06-1.11) 8.06E-11
endocrine/metabolic  Hypothyroidism NOS 244.4 rs368791729 Mature hsa-mir-3939 hsa-miR-3939 G 0.38 17127 1.08(1.05-1.11) 4.17E-10
endocrine/metabolic  Hypothyroidism NOS 244.4 rs370955537 Mature hsa-mir-3939 hsa-miR-3939 C 0.38 17127 1.08(1.05-1.11) 4.17E-10
endocrine/metabolic  Diabetes mellitus 250 rs11435035  pre-miRNA hsa-mir-5094 NA CT 0.7 22996 0.94(0.92-0.96) 8.60E-09
endocrine/metabolic  Type 2 diabetes 250.2 rs11435035 pre-miRNA hsa-mir-5094 NA CT 0.7 21947 0.94(0.92-0.96) 1.20E-08
endocrine/metabolic  Hypothyroidism NOS 244.4 rs70990234  pre-miRNA  hsa-mir-6891 NA TGAAGGGCTC 0.35 17127 0.94(0.91-0.96) 3.11E-08
endocrine/metabolic  Hypothyroidism 244 rs70990234  pre-miRNA  hsa-mir-6891 NA géAAGGGCTC 0.35 17960 0.94(0.92-0.96) 1.17E-07
endocrine/metabolic  Hypoglycemia 251.1 rs4285314 pre-miRNA  hsa-mir- NA 'CA:A 0.46 1151 0.8(0.74-0.87) 1.78E-07
endocrine/metabolic  Diabetes mellitus 250 rs243080 pre-miRNA ﬁi:—SrEir-4432 NA A 0.45 22996 0.95(0.93-0.97) 5.68E-07
endocrine/metabolic  Hypercholesterolemia 272.11 rs1003723 pre-miRNA hsa-mir-6886 NA T 0.46 39763 1.04(1.02-1.05) 6.65E-07
endocrine/metabolic  Hypothyroidism 244 rs174561 pre-miRNA  hsa-mir-1908 NA C 0.31 17960 0.94(0.92-0.96) 6.75E-07
endocrine/metabolic  Disorders of lipoid 272 rs1003723 pre-miRNA hsa-mir-6886 NA T 0.46 42979 1.04(1.02-1.05) 9.05E-07
endocrine/metabolic m;pt)zkr)lci)[l)lizrgmia 272.1 rs1003723 pre-miRNA  hsa-mir-6886 NA T 0.46 42854 1.04(1.02-1.05) 1.01E-06
endocrine/metabolic  Hypothyroidism NOS 244.4 rs174561 pre-miRNA  hsa-mir-1908 NA C 0.31 17127 0.94(0.92-0.97) 1.58E-06
endocrine/metabolic  Obesity 278.1 rs897984 pre-miRNA  hsa-mir-4519 NA Cc 0.61 15317 0.95(0.92-0.97) 2.03E-06
endocrine/metabolic  Diabetes mellitus 250 rs4687672 Mature hsa-mir-8064 hsa-miR-8064 A 0.23 22996 1.06(1.03-1.08) 2.14E-06
endocrine/metabolic  Thyrotoxicosis with or 242 rs2854001 Mature hsa-mir-6891 hsa-miR-6891- A 0.23 2163 0.83(0.77-0.9) 2.45E-06
without goiter 3p
endocrine/metabolic  Type 2 diabetes 250.2 rs243080 pre-miRNA  hsa-mir-4432 NA A 0.45 21947 0.95(0.94-0.97) 3.07E-06
endocrine/metabolic  Hypoglycemia 251.1 rs117428639 pre-miRNA hsa-mir-2113 NA T 0.02 1151 1.73(1.37-2.19) 3.44E-06
endocrine/metabolic  Overweight, obesity and 278 rs897984 pre-miRNA  hsa-mir-4519 NA 0.61 15480 0.95(0.92-0.97) 3.56E-06
other hyperalimentation
endocrine/metabolic  Type 2 diabetes 250.2 rs4687672 Mature hsa-mir-8064 hsa-miR-8064 A 0.23 21947 1.05(1.03-1.08) 4.78E-06
endocrine/metabolic  Hyperlipidemia 272.1 rs2276448 Seed hsa-mir-6891 hsa-miR-6891- Cc 0.14 42854 1.05(1.03-1.07) 1.01E-05
3p
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0.57(0.45-0.71)
1.25(1.14-1.37)
0.7(0.6-0.81)
0.9(0.86-0.94)

1.04(1.02-1.06)
1.26(1.14-1.4)

0.95(0.93-0.96)
0.73(0.63-0.84)
0.83(0.76-0.9)

0.75(0.69-0.8)
0.69(0.63-0.76)

2.49(1.66-3.71)
2.6(1.75-3.85)

0.88(0.84-0.93)
1.26(1.14-1.39)

2.17(1.52-3.09)
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EA: effect allele, EAF: effect allele frequency, OR: odds ratio, Cl: confidence interval.
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Table S3. Candidate target genes whose interaction might be implicated by the presence of SNPs in

seed region of mMiIRNAs.

Gene_name trait miRNA MTI

PHF19 PP hsa-miR-3620-5p validated
SLC7A1 DBP hsa-miR-3620-5p validated
SLC7A1 SBP hsa-miR-3620-5p validated
RELA SBP hsa-miR-3161 validated
SLC8Al SBP hsa-miR-3161 validated
TERT SBP hsa-miR-3161 validated
CELF1 SBP hsa-miR-7854-3p validated
HOXB6 SBP hsa-miR-7854-3p validated
HOXB6 PP hsa-miR-7854-3p validated
MAPKAPK5  SBP hsa-miR-7854-3p validated
MAPKAPKS5 DBP hsa-miR-7854-3p validated
OTuUB1 PP hsa-miR-7854-3p validated
ovoLl SBP hsa-miR-7854-3p validated
PHACTR4 SBP hsa-miR-7854-3p validated
VLDLR LDL hsa-miR-6891-3p validated
VLDLR TC hsa-miR-6891-3p validated

MTI: miRNA and target gene interaction
PP: pulse pressure
DBP: diastolic blood pressure
SBP: systolic blood pressure
LDL: low density lipoprotein cholesterol

TC: total cholesterol
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Table S4. Genetic variants in miRNAs that affect plasma levels of corresponding mature miRNAs

(P<0.05).

SNP MiRNA location EA EAF Dbeta SE Study
rs10934682 miR-544b pre-miRNA G 0.18 0.09 0.03 1.72E-03 (25)
rs117650137 miR-6717-5p Seed G 0.97 0.26 0.10 1.15E-02 (24)
rs12416605 miR-938 Seed C 0.74 0.11 0.05 2.79E-02 (24)
rs12512664 miR-4274 pre-miRNA A 0.58 -0.02 0.01 2.17E-02 (24)
rs12803915 miR-612 pre-miRNA G 0.77 0.07 0.03 3.87E-02 (24)
rs138552125 miR-8070 Seed C 0.98 0.27 0.12 2.34E-02 (24)
rs1514422 miR-8060 Mature G 0.95 0.21 0.08 5.54E-03 (24)
rs17091403 miR-2110 pre-miRNA C 0.88 0.14 0.03 6.60E-07 (24)
rs17091403 miR-2110 pre-miRNA T 0.07 -0.10 0.02 9.90E-06 (25)
rs174561 miR-1908-5p pre-miRNA T 0.70 -0.10 0.02 7.66E-08 (24)
rs174561 miR-1908-5p pre-miRNA C 0.30 0.15 0.01 4.76E-31 (25)
rs2114358 miR-1206 pre-miRNA G 0.38 -0.10 0.04 2.93E-02 (24)
rs2168518 miR-4513 Seed G 0.32 0.08 0.04 4.36E-02 (24)
rs2241347 miR-3130-3p Mature C 0.84 -0.27 0.03 5.49E-16 (24)
rs2241347 miR-3130-3p Mature T 0.18 0.17 0.03 1.18E-07 (25)
rs2273626 miR-4707-3p Seed A 0.49 0.09 0.01 3.41E-11 (24)
rs2276448 miR-6891-3p Seed T 0.75 0.13 0.03 2.39E-06 (24)
rs257095 miR-4636 pre-miRNA C 0.13 0.13 0.06 3.32E-02 (24)
rs2682818 miR-618 pre-miRNA A 0.13 -0.23 0.05 1.35E-05 (24)
rs2854001 miR-6891-3p Mature G 0.85 0.17 0.04 1.12E-05 (24)
rs2925980 miR-7854-3p Seed G 0.32 -0.06 0.02 1.62E-02 (25)
rs2967897 miR-5695 pre-miRNA T 0.38 0.09 0.03 1.60E-03 (25)
rs4078443 miR-6821-5p pre-miRNA T 0.27 -0.05 0.01 7.30E-04 (25)
rs41291179 miR-216a-5p pre-miRNA A 0.95 -0.15 0.06 6.84E-03 (24)
rs45596840 miR-4482-5p Seed G 0.69 0.21 0.04 9.33E-07 (24)
rs550894 miR-612 pre-miRNA C 0.91 0.11 0.05 2.71E-02 (24)
rs56103835 miR-323b-3p pre-miRNA T 0.79 0.17 0.03 5.90E-07 (24)
rs56103835 miR-323b-3p pre-miRNA C 0.22 -0.26 0.02 1.20E-26 (25)
rs56148568 miR-7157-3p Mature T 0.78 0.14 0.05 1.81E-03 (24)
rs56195815 miR-548aw pre-miRNA T 0.21 -0.05 0.03 4.18E-02 (25)
rs58605477 miR-7150 pre-miRNA A 0.78 0.04 0.02 1.22E-02 (24)
rs619608 miR-6726-3p Seed A 0.04 -0.14 0.05 6.52E-03 (25)
rs62154973 miR-4772-5p Mature C 0.90 0.19 0.06 2.63E-03 (24)
rs641071 miR-4482-5p pre-miRNA G 0.64 016 0.04 1.23E-04 (24)
rs6943868 miR-3683 pre-miRNA A 0.03 -0.21 0.09 1.76E-02 (25)
rs7207008 miR-2117 pre-miRNA A 0.54 0.06 0.03 4.13E-02 (24)
rs7208391 miR-6868-3p Mature C 0.57 0.15 0.04 1.88E-04 (24)
rs72502717 miR-3689f pre-miRNA A 0.84 -0.11 0.05 2.07E-02 (24)
rs72810954 miR-4679 Mature G 098 -0.39 0.15 1.23E-02 (24)
rs73239138 miR-1269a Mature G 0.76 0.07 0.04 4.87E-02 (24)
rs74469188 miR-6504-5p Mature C 0.12 -0.08 0.04 3.04E-02 (25)
rs76347846 miR-6841-3p Mature A 094 016 0.05 6.04E-04 (24)
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0.97
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0.12
0.07

0.04
0.04
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EA: effect allele, EAF: effect allele frequency, SE: standard error
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Table S5. Results of colocalisation analysis

nsnps PP HO PP H1 PP H2 PP H3 PP H4 trait shared variant SNP PP H4
miR-6891-3p

73 3.33x107 494 x107  3.47x10°% 4.15x10°  0.99 TC rs2596501 0.99
73 1.03x10°8 1.53 x10°8 1.38 x101 2.04 x10t 0.66 TG rs3130614 0.99
73 1.54x10 2.29x10%  3.09x10°®  3.97x10° 0.61 HDL-C  rs2596501 0.99
73 2.43x102 3.60 x102 2.21 x101 3.28 x10t 0.39 LDL-C rs2596501 0.99
199 9.8x10%7 157 x10% 3.74x10!  5.97x10% 0.03 T1D rs2855812 0.99
miR-6821-5p

826 7.12x10° 1.23x10® 9.71x101 1.67x107? 0.01 T2D rs36155743 0.15

nsnps: number of SNPs in the region used for colocalisation

TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol;

T1D: type 1 diabetes; T2D: type 2 diabetes
PP: posterior probability of HO-H4 being true

HO: neither trait has a genetic association in the region; H1: only miRNA has a genetic association in the region; H2: only the
disease has a genetic association in the region; H3: both traits are associated, but with different causal variants; H4: both traits
are associated and share a single causal variant; SNP.PP.H4: posterior probability that the SNP being causal conditional on H4

being true. Shared variant corresponds to SNP with the highest PP H4.
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The UK Biobank
N=502,505

'

Participants identified as European ancestries
N=472,695

!

Exclusion of related and withdrawn participants
N=436,886

I

Genotype and phenotype data available
N=423,419

Fig. S1. Selection of study participants.
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Fig. S2. Each tested variant in MHC is associated with multiple disease groups.
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Fig. S3. Regional plot for colocalisation analysis between miR-6891-3p and
total cholesterol (a), triglycerides (b), and high-density lipoprotein
cholesterol (HDL-C). Variants were filtered based on imputation quality
(Rsg>0.7). The most likely shared causal variant is labelled.
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