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Sleep varies from individual to individual and is essential for maintaining good health, making it important for the

health of individuals and societies. Sleep duration is influenced by both genetic and environmental factors, and sleep

duration has been reported to be associated with obesity, metabolic syndrome, diabetes, and cardiovascular disease. In
this study, we identified SNPs associated with sleep duration from the genome-wide association study (GWAS) catalog
and compared them with the Korean Association Resource (KARE) cohort to find SNPs associated with sleep duration
in Koreans and to identify the genes involved. The results showed that rs1553132, a SNP in the GRMS5 gene, was
identified as an SNP associated with sleep duration in both the GWAS catalog and the KARE cohort, and rs1504096
was the first SNP found to be associated with sleep duration in Koreans. It was found that having a minor allele tended

to increase sleep duration. These results confirm the reproducibility of the association between sleep duration and the
GRMS gene in Koreans and provide a basis for using the associated SNPs as genetic determinants of sleep duration.
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Table 1. Basic characteristics of the study subjects

Characteristics
Number of subjects 8744
Gender [men (%)/women (%)] 4144 (47.4)/4600 (52.6)
Age (M years £ SD) 52.18+8.9
Sleep duration (hours) 6.751£1.38

Abbreviations: M, mean value; SD, standard deviation
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Table 2. The SNPs in the GRMS gene that were significantly associated with sleep duration traits

Genotype Additive model
SNP Al MAF -
Al/Al Al/A2 A2/A2 Effect size P-value
151504096 T 0.086 No. 72 1363 7309
Sleep duration 7.11x1.52 6.87+1.38 6.72+1.38 0.16 1.9E-05
rs1553132 G 0.205 No. 329 2918 5497
Sleep duration 6.88+1.44 6.8+1.38 6.72+1.38 0.08 1.8E-03
Abbreviations: Al, minor allele; A2, major allele; MAF, minor allele frequency
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Fig. 1. Regional plots of GRMS5 gene. This plot showing the asso-
ciation signals in the region of GRMS on chromosome 11.
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Fig. 2. GRMS expression for genotypes rs1553132 in eQTL. Violin
plots confirm GRMS expression in the testis for rs1553132 (B=
-0.92, P=1.4E-19) genotypes. P-values were calculated using linear
regression. The white line indicates mean expression levels. Data
were obtained via the GTEx browser (http://www.gtexportal.org/).
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Supplementary Table S1. The results of association analysis

between the SNPs in the GRMS5 gene and sleep duration in the

Continued

Effect

KARE study cohort

CHR SNP Al Effect e

S1Z¢€

11 rs1504096 T 016  193E05
11 1575742294 T 011 0000412
11 11:88381401:GC G~ D 011 0000483
11 178037655 A 01l 000071
11 1578434666 A 010 0000764
11 11:88303735:ATATA D 009  0.000772
11 1579576828 C 011 0000887
11 1578760706 A 01l 0000906
11 12169662 C 01l 0000935
11 11:88507772:AT A D 011 000111
11 1577949941 T 01l 0001131
11 151499033 A 01l 000119
11 152126740 T 011 0001215
11 1576807710 T 011 0001295
11 1516914750 G 016 0001415
11 1579072424 T 009 000144
11 1516914836 C 01l 0001475
11 1516914849 T 011 0001475
11 1576242244 A 01l 0001475
11 178199400 A 01l 0001505
11 80045543 C 01l 0001613
11 11:88469120GT G~ D 0.0  0.00163
11 rs4489745 A 010 0001715
11 15141935302 C 010 0001746
11 11:88437674:A_ AT I 010 0001774
11 rs1553132 G 008 0001812
11 1516914576 G 010 000182
11 15140615503 G 010 0001827
11 1576809901 T 010 0001834
11 rs112301108 G 010 000186
11 1576869147 G 010 0001887
11 1s138490074 T 011 0001952
11 rs150668013 T 010 0002003
11 11:88412498AAC A D 010 0002019
11 1576850181 C 010 0002035
11 1579228668 G 010 0002035
11 1576993739 C 009 0002045
11 1579300067 C 010 0002095
11 1577622360 T 010 0002095
11 1s80196456 G 010 0002252

CHR SNP Al Size P-value
11 15117359754 C 0.10 0.002314
11 rs1394185 G 0.10 0.002317
11 154753763 A 0.10 0.00235
11 rs113582145 T 0.10 0.00237
11 151072828 A 0.10 0.002443
11 rs10501671 G 0.10 0.002538
11 11:88576548:ATCCG D 0.10 0.002567
11 rs1603901 G 0.10 0.002578
11 151499030 T 0.10 0.002666
11 11:88329190:C CT R 0.10 0.002695
11 15117836634 T 0.10 0.002767
11 1s722197 T 0.10 0.002819
11 1s7944979 C 0.10 0.00288
11 rs111525051 T 0.10 0.002958
11 15117597428 T 0.10 0.003052
11 1576049742 G 0.10 0.003064
11 157480764 G 0.10 0.003068
11 rs6483336 T 0.10 0.003105
11 11:88376443:T TAC R 0.10 0.003105
11 rs6483338 T 0.10 0.003105
11 157931337 T 0.10 0.003346
11 151499042 C 0.10 0.003362
11 rs2221108 G 0.10 0.003374
11 rs4439512 G 0.08 0.003478
11 rs16914326 G 0.10 0.003487
11 rs11529107 T -0.06 0.003531
11 157938954 A 0.10 0.003556
11 151354412 G 0.10 0.003585
11 154753607 T 0.10 0.003594
11 1s7942230 T -0.06 0.003688
11 rs7479307 T 0.09 0.003694
11 rs138658109 G 0.10 0.003932
11 1510765690 T 0.09 0.004006
11 15141298754 G 0.09 0.004008
11 157478762 A 0.09 0.004019
11 1s7944213 G 0.09 0.004025
11 1579350451 G 0.09 0.004025
11 rs77145000 T 0.09 0.004025
11 1577969725 T 0.08 0.004089
11 157947812 A 0.09 0.004209
11 1510831251 T 0.09 0.004227
11 rs75417664 T 0.09 0.004289
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Continued Continued
CHR SNP Al Effect e CHR SNP Al Bt b e
S1Z€ S1z¢

11 rs3816649 G 009  0.004636 11 rs12418224 T 2007 001328
11 7121813 G 009 0004853 11 1510831297 G -007 001328
11 11:88414272:CTT C D 008 0005116 11 rs117357283 A 008 001346
11 rs141528456 G 0.10 0005138 11 111020922 C 007 00135
11 rsl846475 A 008 0005537 11 rs6416015 A 007 001388
11 rs55663947 A 009 0005575 11 11:88444968T TA R 007 001397
11 1510765691 G 006 0006204 11 1s904495 A 007 001444
11 rs75174260 G 009 0006298 11 rs6483399 G -007 001452
11 rs1987994 G 009  0.006462 11 rs12417731 T =007 001483
11 rs11826564 A 006 0006845 11 rs10831303 G 007 001489
11 rsl1021133 A 008 0006964 11 rs16914630 G 007 001517
11 1576436528 C 0.13 0008613 11 rs10831302 G -007 001616
11 rs17178478 T 007 0008628 11 1s1499029 C 007 001631
11 1974337 T 007 0009208 11 1s11021050 T 007 001665
11 rs10741299 T 005 0009541 11 rs7947200 C 005 001683
11 rs1391879 C 007  0.009697 11 1s10831273 A 007 0017
11 rs12800947 T 007 00103 11 rs7951488 T =007 001708
11 rs6416017 T 007 001142 11 rs12364535 C =007 001753
11 rs11020959 A 007 001147 11 152055313 T 007 001753
11 rs11020868 T 008 001151 11 1511020942 T 007 001753
11 11:88402861:ATTAC D 008 001151 11 1s12365000 T =007 001753
11 rs78455258 C 008 001151 11 111020944 C 007 001753
11 rs78339652 T 008 001166 11 rs11020947 T =007 001753
11 rs117190337 C 008 001166 11 rs12419660 G -007 001753
11 1510501677 C  -008 001184 11 1s11020950 C =007 001753
11 rs12421389 A 008 001184 11 1s11020930 A 007 001813
11 rs1504093 C 007 0012 11 111020934 T =007 001813
11 rs1504091 T 007 00121 11 rs12363343 G 007 001813
11 rs11020880 C 008 001229 11 1516914531 T =007 001813
11 rs11020881 G 008 001229 11 1516914532 T 007 001813
11 rs77864285 A 007 001245 11 1574552006 C =007 001813
11 rs10831257 A 008 001293 11 1511020937 T 007 001813
11 rs11020866 T 008 001293 11 1s11020938 C 007 001813
11 rs2219746 A 007 001294 11 17949475 A 006 001912
11 rs11020962 T 007 001303 11 rs11021034 T =006 001921
11 11:88423390:C_CT I 007 001303 11 1511020951 G -007 001951
11 rs11020963 T 007 001303 11 1s11020960 A 007 001951
11 rs11021026 C 007 001303 11 1s11021220 G -005 001973
11 rs11020897 T 008 001325 11 rs7946882 A 005 001979
11 rs11020901 A 008 001325 11 174355867 G 007 001993
11 rs78409323 A 008 001325 11 rs4539325 A 005 00199
11 rs139342860 T 007 001325 11 rs11021173 G -005 002015
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Continued Continued
CHR SNP Al Effect e CHR SNP Al Bt b e
S1Z€ S1z¢

11 13929416 A <005 002052 11 15561512 C 005 003113
11 11:88502554GT G~ D 005 002052 11 1s4340054 T  -006 003125
11 rs7127982 C =005 002091 11 rs11825174 T  -006 003126
11 rs1391878 G 006 002101 11 rs11020449 A 011 003141
11 rs1391876 A 006 002102 11 157107030 A 006 003181
11 176123172 T 005 002106 11 1572643325 T  -006 003199
11 rs4500491 G -005 002106 11 1572643327 T  -006 003199
11 1s79262862 G -005 002119 11 15192203301 T  -006 003225
11 rs7124237 G 005 002123 11 rs16914865 T  -006 003233
11 rsl846478 T 2005 002129 11 1s546980 T 004 003247
11 rs11020965 A 006 002165 11 1572643321 A 006 003252
11 rs11021044 A 007 002185 11 1s677483 G 004 003274
11 rs12276517 C =005 002248 11 1511824196 A 006 003299
11 rs1499188 T 006 002251 11 1s16914844 A 006 003352
11 rs12786188 A 006 002251 11 rs16914858 A 006 003424
11 rs11021051 A 006 002251 11 1572643326 C  -006 003425
11 rs11021053 A 006 002251 11 rs10501685 G 006 003432
11 rs10741491 G -005 002271 11 11:88690156:GT G R 004 003458
11 rs10831305 C 006 002302 11 15572735 T 004 003458
11 1s2892290 G -006 002304 11 1572643324 A 006 003464
11 rs12284425 C =005 002309 11 rs16914829 G 006 003472
11 157126941 T 2005 00233 11 rsd325318 T  -006 0035
11 rs11021035 A =006 002332 11 rs114258098 C =006 003505
11 rs16914647 C 007 002343 11 1s4523700 C  -006 003505
11 1s5008227 A <007 002389 11 1572643322 A 006 003511
11 rs16914662 T 006 002478 11 157949066 A 006 003515
11 rs685438 T 2005 002569 11 15316092 T 005 003527
11 rs113448868 G -006 002633 11 1s604179 A 005 003624
11 rs316097 G 005 002678 11 175812723 A 006 003662
11 rs504183 G -005 002701 11 1572643323 T 006 00369
11 72643332 G -006 002719 11 rs647669 A 004 003738
11 2169661 T 006 002752 11 15146309244 G 006 003872
11 rs139314878 G 007 002759 11 rs6483362 A 006 003875
11 11:88567473:A_AT I =006 0029 11 rs7108560 C 006  0038%
11 rs585423 C  -005 002908 11 172643319 T 006  00389%
11 rs11823908 T 006 002916 11 1579612858 C  -006 004115
11 rs112622593 C 006 002923 11 11:88697539:G GT 1 004 004138
11 1s3862366 T 006 002962 11 1579861528 T 0.15 00414
11 rs16914965 G 006 00298 11 17106836 C 006 004142
11 rs72643328 T 2006 003066 11 1s58194350 G 006 004177
11 rs1391875 C  -006 003068 11 rs113498365 T 011 004227
11 11885551772GT G~ D 006 00311 11 1s10501683 G 006 004311
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Continued Supplementary Table S2. The results of association analysis
between the SNPs in the KARE study cohort and sleep duration

Effect

o o AL sz Pl CHR SNP Al PR b
11 17116857 G 006 004331
1 rs648702 G 004 004363 I 1579746559 A 009 0000952
1 rsl6914821 G 006 00438 11 151553132 G 008 0001812
1 m7ll76d6 T o004 004393 8 156601299 T 027 0003271
11 597462 oot 004592 12 1s825458 A 006 0004062
1 1538955 C oor 004532 8§ 152169387 A 027 0004384
1 1537635 oot 004562 16 rs412464 T 006 0006946
1 138945 T 0w 004629 6 159346353 A 005 0008117
1 716657 T 006 004651 15 158042174 C 006 0008211
1 612781 A oo 004707 8 156984305 A 024 0009372
11 15687767 T 004 004712 107 rs11190970 A 015 001057
1 rs1150313 6 004 00477 12 157298909 C 005 001735
11 1624913 G 004 004771 12 12454703 T -005 00179
11 1511021137 C 008 004849 7 1830079 T 008 0023
11 11021138 C 008 004849 16 15429921 A 005 002572
11 1s11021142 C 008 004849 6 12215241 A 014 002587
11 674437 A ood 00495 19 15769449 A 009 002841
1 0210333 A 004 0049 6 19367621 T 005 003204
11 15142212735 A 006 004982 19 6857 T 009 003245
1 11021148 C 008 00499 8 159644636 G 007 004072
Age, gender were included as covariates in all the models 17" 13764351 A -0.04 0.046

6 56415084 T 006 004828

22 155746495 C 004 00489

7 111762784 A 004 004895

Age, gende were included as covariates in all the models
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