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rs1522095 @371t} 8 A (single nucleotide polymorphism; SNP)& A3 = & AAE LddstE, He
A%g ZAE

7% 3
A2&el glojA,

rs3120004, rs7779989, rsl2935558, rs3826442, @ rs24401540 4] o] Fojzl FOo X E Mulg o= Fl} oAk
o] SNPE A= 4 Jde AAE o Ed3ts, HeuF IdE FAE.
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A7 9

A7Z el leA,

A7) (3) BAY f7] B HES /\]%”(sequencing), nfo]lm &7 ojgolo]  JEF d 3} (microarray

hybridization), W¥FZA Eol&<Ql P
allele-specific hybridization; DASH),

CR(allele specific PCR),
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(Fluorescence Melting Curve Analysis; FMCA)H

719 (dynamic

Tagman 7|HOoZ o]Fof7 FO2RE MY of= 3 WHoZ 5= S EHJOE s, ARATYH.
A3 10

A 78l oA,

71 (3) EAIOA rs1522095 #1x19] 7] EFYe]l Fold (Guanine) 8.2 HEH = 45,
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FAA B4 Ak A% wEl g 4 o, = fid Asw FEol =il T, ARy gE 4
ATk, g =E50], lysyl oxidase(LOX) Hdatell $1X8F rs39004469] C W HG-ARE= d=<lo A 1A 933 A&
o] g Howm A YAV dE IIE AT 1A LOX FHAY gEgdd v dujAFEe A@do] e
Ro golgAr}t, wbd AHal AHEE SNP 2w Ao o] ¢1FLe AFHor ugFojof & Qoo

20193 17819 9] s olelS 7|Nko & & Alx 3 39 (A genome-reference panel)e] I/ ATE. ¥l
(Caucasians) 719k9] 10007 Al Z2AE AAAPe Fx gy vluste], F&Hol Al g =gk A7t
% 314 (imputation reference panel) Bt} 7ld¥ AZ3L oA &% (imputation accuracy)ot W2 HIE
o] ¥ol& eI,

2 5SS ol de 1A GWASOlA gk=Qle]l A4t Al (imputation)7t §lv 415 #MAst7] 3l HulolEd
GWASE 8)ste] Fxxd A 2 high-throughput imputation & IA 7ZF4Al WolE 2¥ele] 3l %
652 SNPE wEste] 2 S dsiait.
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(ME3 &3 0001) 1. Yoo SK, Kim CU, Kim HL, Kim S, Shin JY, Kim N, et al. Nard: Whole-genome
reference panel of 1779 northeast asians improves imputation accuracy of rare and low-frequency
variants. Genome Med. 2019;11:64

(R &3] &3 0002) 2. Genomes Project C, Auton A, Brooks LD, Durbin RM, Garrison EP, Kang HM, et al. A
global reference for human genetic variation. Nature. 2015;526:68-74
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(Single Nucleotide Polymorphisms; SNPs) X & AAsaL, 7] GIAS FAAR HolHE A8 w4y 9
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St B oagol ol FaA sk J1EH FAlE ol glA AT AAll ABHA gor, AgHA @e = o
So obdel AARRE Gal s1ERoke] Fel 1EAlA B ol & 9L 3

A9 HE S5
47) BAE NAs] fste], B gL
= AguE 2004 vehd 9y] Aol =
L3, B oage wFuiFs Adslr] £33 SNP vEAZA rs3120004, rs7779989, rs12935558, rs3826442,
rs244015401 4] o] FolR Fo R MEld ol s} oo NPE HEF & Y& AAE o LT & Ak,
= 3] =

gy a2, HEMNEE Zthsely] 98 SNP rFAZEA] rs3120004, rsl522095, rs7779989, rsl12935558, rs3826442 2
r32440154€ BE Agste AY & A

3, B e A7) SNP FolA AEEE 15 o]4e] SNPE HEYS & Jdu AAES xFEE HEuF Adg
24E 42 AdE JEE AT
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Vol g FHdzA, A7) SNPE HEZ F AT AAE 7] WrF fIAEE FAA deelA, 4]
S\PE EFHeEE 8-50709] A HVIME EE olsh FRAQ AVINGE e ZEwEUeHEd Sojqom
Aets Ze2d ke zeerouy, 7] TEwIULHES SXT F A= 7] FAAdA S\ 914
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(3) A7) A% DNAolA GenBank SNP database rs3120004, rs1522095, rs7779989, rsl12935558, rs3826442, %
rs24401542 o] 3]z FoZRE AMEIRE o] 3} o]Ate] wdsttEA 9x9 7] BYS A o
A, =

(4) 471 A& 97 Yoz iE A HeuF 3y s E/xs Iy IeAds d4gste o

2 el o 74 @IEH A7 (D) A9 AAE HeWF 2y 7hsAd dSo] 87He AztelEtd AldkE A
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E A3} (microarray hybridization), tHH-Sdx 5o]% <2l PCR(allele specific PCR), tholuby] thHH-2A}

E43} 7]¥(dynamic allele-specific hybridization; DASH), &% &3 =4 7|¥(Fluorescence Melting
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TFopdos HEFAY, rs12935558 919 7] Efgle] ofdldo® HEH A, rs3826442 919 947 EFS)o]
To® AZHAY, rs2440154 91219 47] ERQle] FeldoR HEEw A, (4) @A A HeWH
ey s gl/Ee 1y Ao w2 ZleE g 5

A Y wg 2 AS5g dAE S8, Fds dde® dh dulelE" 1A GNAS FH AR HlolH
ZIRko 7 M FulFo] ZEAS Zhe SNPE AT 5 vk O AY, & AFEE e YedR dd 2
H= AT 5 o, HewWFe x7] Jds Fal @] oa we AX7F JhessteR sk Aol
oh;}
AT

1S Axiom™Genotyping Arrayel 9d] #HEHE FHAE wA ZTREFo|th. Axiom™Analysis Suite
v1.1.1, Applied Biosystems™ (APT) v1.18, @ SNPolisher™module of R package v3.0. APTE %3] A3d=
ZF dA ARgE BE WEe AHe QC MEYAE AASIGITE. 394 3 5eAle] A& HE| "2 SNPolisher
™noduleol] 9]8] T+& %)+ R script® 3315},

T 2+ HEFUFo vk AuolEH GWAS 755 3 HHI 7 dAdA =Egd A3gE QoFd EA Lol
= 2004 Fe imputation scoreE 9Ju|&}al, GCRE genotype call rated °oFxfolm | MAFES A4 thyH-dAF Wl
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Z(minor allele frequency)E ¢]v|3}ar, HWE p:= Hardy-Weinberg equilibrium p-valueZ ¢w|3git}.

% 3(A)+= 1000 Genome(1KG) reference panel(Phase 3 version 5)ollA] 5461 e] db= AJ<13} 2,504 2] 1 F A}
9] multi-dimensional scaled principal component(MDS PC)2] Z3o]t}. K& 1KG reference panelolA 2,504
e JPAE EPATh(FEQl & = 5037 A, sy e £ W9l = M7[FF ], olxegt
1 = 661[3] ], Fobrlokl = 504[F=A]). w7 4L g AdlA FA "H'E FAIE S U9 99
< e

% 3(B)&= MDS PCollA] sh= AJ<Q1 5469 <] MDS PC Exolu). har A<l 546™8 & PC1¥ PC2 Atole] #-#2 7HA
Se2EE K6 #% Hde) 504 0] Folrlotel sl vl w5467 e A1) SF BAS Lk,

&= 3(0)= 25078 9] A} 2 2967 9] thEato] weHrel vk GVAS wisfE &3%oltt.

9k -logloo.2 WMEd pghs yepdiek, WA shef 2kQl2 Al dAS ol dARE
-8

10 ).

KR
2 AR Ve

T 4% E o] rs3120004(1g31.2) SNP £ 500kb G9je] Ao Ay Exow A7te w Aatee 7h7h
o] &3k A7)sh & &3 A71E vehi, 7 A pairwise LDS UERaL, Beb 9% A2 1A ¥4
W 7 Fed ddds vehdn.
= 5E B ) rs1522095(4912) SNP £ 500kb Feje] Ao} A FRom Y L AP 747 &
ol a3y A7t Lo A3 AVIE YehY, 4 AL pairwise LDE YERN, Bt 9% A4Ee 1A A
3 b Fad A9gs Yehdn.
6 ¥ O] rs7779989(7p15.3) SNP £ 500kb FHe] A A ERow AAY Ee iAde 44 &
o) &3 A7i¢t &9 &3 A71E vehie, 24 NS pairwise LDE UEba, BeEbd 9% AAES 1A ¥4
37 e A9gs vebdn.
T 78 E o] rs12935558(18q) SNP + 500kb Fge] A AR ERoE, AAY Ee A4Ee 44 &
o) Bt A7ist o &3 A71E YEhY, 7} S pairwise LD WERAL, w91 A7 e 1A 94
5
&

9] rs3826442(17p13.1) SNP £ 500kb G 9] A A EF o= A4d = J44gLe 717
9} 29 53 F71E JeEhY, 2 WAL pairwise LDS YEZ, R 92 A7t S (A §
gk A#AdS e,

T 9% B o] rs2440154(17p11.2) SNP = 500kb 3ol X A# FHo=2, A4y e A7y 7hz)
kol my V|9 2o aI AVIE JYEhY |, ZF A4S pairwise LDS YERNIL, Bk 9F% 4H4E e (A §
A 7 23 ARAS YEL.

TH, dE, 9% 2 d=ds Ee® = HeHFAe] W 4 dyes BEE AAon.
FAES dwdde e ® o= HEx ASEY 49 wdy 2 diAlE Sl ddolEd GNASE 53kl
olF 7o w MEulFe] WY IS 5T F e HFT 65 NPE TSt B UWS sl

TFAFoR, B AdEaAEE 2509 1A Ao} 296789 S iz FHAR dHolHE o] &ste] AW
9 47FA FRAREA(PCA) #FeR XAt SNP ® FAAE A=zl A A (high-throughput
imputation)E 335t c}. imputation F score of = 0.59] & 73,33,7467] Alo|E oA 6,105,21271 2]

SNP7} EA =l o genome-wide significant threshold(p = 5><10_8)°ﬂ T3 X 387] SNPE Ao

pairwise LD(linkage disequilibrium)(r2 < 0.8)° 93t 7}x1x7] 719 (pruning) S8 & 11719 SNP7F 435
A 1A% BHEAS JEdS gletgul. dolrb rs3120004, rsl851347, rsl522095, rs7779989, rs12935558,
rs3826442, % rs2440154¢] 67§ FTAH SNP—‘E J8tA LD towerE zti= AulAE (haplotype) T+F2E A3,
E3] rs3120004% LOC440704 2 RGSI8 A Atoldl 1g31.2(0R = 2.34, 95% CI: 1.74-3.14; p = 1.4x10-8)
ol oA A3 ZehA AwiAE TS YIS F5IYTE. rs2440154 SNPE 1A W 97 =)o) 4 e
AAAS JERA O™ | rs3826442(MVHI3, 17p13.1)S ¥Ee3t= 99L& oF 70 cM/Mbp. o ¥ AxT H&S
EfWS ERIssitt.
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AN2RE, B WygxE5e mAa)% A (high-throughput imputation) HHE A}E3 QUulo]|EE GWASEHF
Bl SFxeloflA] 1A9t w1179 AMZE NPE Z=E3IF o™, SN SolA duiAd 25 FASE 6%
SNP(rs3120004, rs1522095, rs7779989, rsl12935558, rs3826442 2 rs2440154) 5 IA AES 943+ HF SNP n}7
2 AAST. 471 HFE SN v FolAl rs2440154(SLC4741, 17p11.2)7F 1AS) AR b ZaH)

S St

olof, B wtH o A7) 6% SNPE A AES 93 nlolemAR AF3o).

B ool 1A Agg wlolerirle] TAAL Auis 5] £ 16 dehigic,

¥ 1

AR | A SNP Position P-value SNP 94714d AR
(G714 LAAM] E7D

il 2
folr 1@

L0C44070 | 1g31.2 rs3120004 191221672 | 1.4E-08 AAGTATTTGGTAAAATTCAGCAGTAAATTCACC
4, RGS18 AGGTCCTTGGCTATTCTTTGATGGGAGACATTT
TATTCATAGTTCTATCTTGTTACTTAATATTGA
T[C/T]GATTCAGGTTTTATATTTCTTCATGGT
TCATTCTTGGTAGGTGGTATGTGTTTAGAAATT
TATCCATTACCTCTAAGTTTTCAAATTTAGTGG
TACATAG

2 L0C10192 | 4q12 rs1522095 59222703 2.6E-09 TCCCTAAAAAGGGAGAAATTACAAACATTTTTT
8851, CCTAGAAATGGAGAGGACATAATATTTAATGCT
NONE ATTCTGATGGCTTTGCATTGAAATTGGTCAAGC
T[A/GJACTAGGCTGAGATTATTTTCCAAAATT
TTCTTTCAAGTTACAGTGGGACACAAGAGAAAT
TCTTGTGTGAGTTTTGGAGGGCAGAGGTGATAC
TCATACT

3 LINC0116|7p15.3 rs7779989 21265984 4.6E-09 TTCTGCTCTTTGAACCCATCTCTCCAGGTTGAA
2, SP4 ACCATCTTGGCAAAGTATTATCAGCCGGTGTCT
TCGGCTAGATGGACCTTTCAAGCCCTCCTAAGG
T[A/GJAGAAAATGTTATTTTTCCCTTTTATGT
GTTGTGGTTCATTGGATAGTATTTGTCATCTTG
TCACATAATAGGAATGACGTTCACAATGTTGAA
ATACGCC

4 L0C10192 | 16q24.2 rs12935558 88336978 2.6E-08 CAAGGTAACAATTCACTTCATCCCATGTATCAT
8880, TGCATAAGTTCTCCTGGGCCCCGTTGGCTGGGG
ZNF469 ACGTGGACACGTGTGATTTCTGCTCTGCACCCT
CI[G/A]CCAGCGCTGTTCTTTCCAGTGGGCCTT
TCCAGCCGGGATCCTGCCCACTTCCTTGTGCCC
AGCTTTCCAGAGCCCCTCAGCCCCTCCAAGGGC
CCACCA

5 MYH13 17p13.1 rs3826442 10227708 3.1E-09 TTGATTGGCCTCTTTGAAAATGCTACAAAGAAA
GGGTATCACCCTCTAAAAGCTTATTATCTACAC
CTAAGCCAAGAAATGGGTCATGCACACACATGC
A[C/T]GCACATGTGCACACACTGCACACACAC
GTGTACATAAACTTAGATATCACCCATAAACAC
ATTTTTTCTTTTTAGATGGAGTTTCTCTCTGTG
GCCCAGG

6 SLC47A1 |17pll.2 rs2440154 19444987 8.2E-10 AGGCGTTCAGCAGGCCTGTAATGTTTCACCCTG
AGAGTCCGGATCCCGCTGGGACTCCAAGTGGAC
GATCTCATCGCTACCTCCAGCTCCTCCTGTCTA
C[A/G]GACTTCCTTGCTGGAATGTGTTCTTGT
TGTTGAAGGCTGTATTCTCTCCAGTCCTCACTA
GGAATCTTGGATAACAAGGGGGTTATCCCAGAA

GGCAGCC

1A 2w¥) 71 7k feAds Jebd rs2440154 SNP= SLC4741 A el 9l MU% SLCA7AL A=
solute carrier family 47 member 1% H¥]$W ©HEH AWES 8 7] Fol29] A Zol| Tofste] &

M Y S wele] i Ao® weiA glouh, HNdd A wyse) nayol tHoHH—t— ¥eizl ukt g

n

st , AujAIY (Haplotype) 412> SNP9} @3 o] A4

mb

wrp ZstA BAsich.

flo
A

= o) fA749
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2 A FEEE Aol 7] wiel b7t wAstEY duiAEe dudem fAdEE AdF fFAxFAEY =
S xehete] LD gto]l & 5% A% A3 7hede] =55 ovjgtt. & o 6F NP vAE BT dujA
Y F2E Jehlen, o1 FollA rs3120004% 0.8 o] &2 LDE A1 e dwiAd 725 YeRddh
TS, rs3826442% ©lF EMA v FHdA & AXFES B 95 AR §4 JHeAdE AT

2oyl FHe] k=l k] 1A GAS ATl A FEof Q15 7INke R g tiA (imputation) S F7Fsle] &
AA H1AES FgAFA e, 1000 olde] W AF s TF Y wgs st A5z &
& AAAIZ A, & 3] 6F SNP= pairwise LD 7HSHlA 52 §EE vS AR fHAES & 5 v

= ogoli 2R delA Mals faRtel Adelde] WAE AF@T. Ee 4
. olelg tEAe] WiAE fAReA o] 93 8 oA WA Abold of

m=gh geld 5 vk, o]YF ofmigt Wol= 2709 Aolj tHFAARI, 2709 The gt

WolAl 171, C 2 Te] Aoy, FAAG2 2709 vhE e dHFAAR FAEHET] wEol, o2 Zhsd

WolAl & o] WolA7} o= & JjAlelA #EE 5 (S 501, °] oI, C, CT == D). 7719

GEAde =g Gl Al FAEHe] 9L, & 5W, NBI fAte|E AelA o] 87kse FEuSEel= ¢17]
[e)

Hole] e FEu eElel= tlaA  dolEHo]~(Single Nucleotide Polymorphism Database(dbSNP) of
Nucleotide Sequence Variation)olAl AR&HE= A1, AFE =5 2APHEA("7]FE SNP", "refSNP" EE 'rs

#)d o AT

# AAA GHH T4 (genetic polymorphism)" shbel G82 ) (locus)ol FAA ool wd
Aallele)7t EAsHE 58 2akn, ATHAAA o= 16 ol 4] WER F14 Mo} veht: 3
g wach, DNl A F ] FEeeetelse) AS), 24, mi Aol dojuhs A% BAR/ITH Y (single

nucleotide polymorphism, SNP) o]&tar 3hc},

B Aol "wrdd7|tbE A (single nucleotide polymorphism, SNP)"& AlFolrd ©@dA7|(A, T, C EE
7 Fo AW E F =& 3 WA (individual)S] & FAA Tl ohE Aol WASHE DNA A9 tdAdS
ujstt}. odE 59, A= Y2 A A 7ie] DNA ©HE (o : AAGTIA/AIAG, AAGTIA/GIAG,AAGTIG/GIAG) =¥
G A7IA A ApelE e A9, T N U FHAHC BE D FE2n, debgor Aol EE SNPs

F M9 dE sdxE HAY. 3 - (population)Wol A, SNPE A4 thEelA ¥l (minor allele
=z 1=l

frequency, MAF; 54 FddA EAE= FHAA A (locus) oA 718 v digla vie)2 d9" 4 ).
GdA7 = ZEFEUSEE A g HE(dA), AAEA) EBE HA7HEY)E & Atk S\Pe= W19 =Y
o] WztE F4% 4 Ut

s 2 A A Ak WolE 7T w [F71LEA/ AV EA = A5l 20 GUIYEATE -5l
28 A7 AEAR A3 RS or|gitt

E Aol “ZelwEFd Qe =(polynucleotide)” T “dHAL” & dd-rEE olF-rlete] HeUE ¥ HlSA
HEFEHLE=(NA) EE JEFEHLH=RN)E Feth. & Aol gledt, AdAem AJHE w&
YeE =g vgh Hog dite] TS EHE A FEULHEY TAH ofdRIaR EFET. dvbH o
& DNAL= obdld(adenine, A), ol (guanine, G), AbelEAl(cytosine, C), El¥(thymine, T) & ¥l 7H4 ¢
712 FAHe] dom | RNAE BN tial ek (Uracil, DS 7FX 3 ok, Al o] ZhgkeA A T % U,
Ce G 9719 #4243 oF=d, ol#s 9719 #AE 'dE A (complementary) 'o]gbal gtr}, kA, 2 FA
AeA 'EYFEULEHE T e dFe] gloW 2 Ui o] SNPrF AAEE A el 7] SNeE X
Sk 8~100 /9] A&4H AVINES e ZEREHSEEE on|sit).

2 WAA A “AlE DNA(genomic DNA: gDNA)” += & 7HAIS] Ao & A7IME=A, A9 e AR
& X&sta = DNAE 9n|ght),

$HA, w59 F(Intracranial aneurysm: [A)@ Mo A& FFshe He® dF7F FaAA] 1 Fto] FAlo]
U By Ay BEo] o2 AS o]},

2 HAAgA KT 2 Ay dAle] oS 2 3y YEE(risk) e B 5 (susceptibility) & A7)
A = AR EE 2§39 A4S s

o + o
i
i
ol

ey
°
i
ro
o
B

e AlRRE A oy s, 58]
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e, e @) Bele daehs WA AaA @A Re Basa 24 Askel gadew 4
gHE Zelgw Adgle] AEd 4 9

gk, By FAFHoRmE A@A(sequencing), A4 ABA (exome
sequencing), wlolaZoldolo] <93 EA3}(microarray hybrldlzatlon) EF2A EoldQl PCR(allele
specific PCR), tholy®] thHFAA EA3} 71W (dynamic allele-specific hybridization, DASH), &% &3

=4 7]¥ (Fluorescence Melting Curve Analysis, FMCA) & Tagman 7| O E o]Fojz #O2HE My o

FWYOR £UT & Yk,

Ir

B oagol A "SNPE HES 5 e AA"E A7) SNP7F fAEE FAA Gl A7) SNPE E£88kE 8~100
Nel A&E AVIAEE Z2te EYFEULEES Boldor FEE F e Zofoln] e Y] EEwREAL
Eleg} Bojxoz AE 4 Qe ZR2HE oudt}. A7) SNPE X3l R EUE s STFHdd AMEEHE
Ilolw =, A Wy Fo HAI 7(dE W, 9 U FEULAIE EZEAHOE 9 DNA, RNA
ZEw A e A g4 22 FEA) 9 A9 2x oAl FF-XA] DNA 3Hd (template-directed
DNA synthesis)®] A& o ZA &3 = & dd7te S2awIdEto|=rt 2 5 &=, 47] ZgfolH
o AAg ol AHg EAd ute} @l F 9ok, T4 15 A 30 wEHQEe|=oth. & ko &
Zbe dybd o R FYP I MY EAAE A5 fdAe o @ 2xE dem gttt ] kol Ad
2 7] NP P9 ZEwEEE =S bHe A ArAd davs gloy, ] EEwEdoEHEe £43s

AEZ FH3] JrFo|ojof g},

B oA "Zalolw ek &e A 30wk $24k317] (free 3' hydroxyl group)E 7HAE 9] DR AR

% F Q3 Fg 7 BALE 93 A (Hor Ve s e
A=

2ol 3 (template) ¥ A7]%(base pair)S A
Be IS g, Tolus HAg E gl @ LmolA FFNS (S, DNA Selvigo)x Ex glita
[<]

12 e 1y

20 AT Aok R gol@ kA FrFelestols EdmasolEel EAl selA DA FHE AANE F vk
PR Z5& AAste] Qake B4R 44 ol¥E Ba obEw Wyge A%% & vk PR 24, A2 ¥
zejolule] Aol YeiAe] TR AL V12w WY 5tk

b o] xglolnj= X~ Zolu|tho] E(phosphoramidite) LA AAA Wy, EE Ve dE] FAH Y-S
Abgete] stetA o AT S k. oled I AL G FEf okl eAE B2 FuS o] &t WY
A k. oled WEe H)- Xﬂé}’ﬁ.o dz= wEst, "5, Ad wEUEel= sy ode] FHAE
of A&, B U Eto|=Rte] WY, & W, A B AAA (e MEEAFUIE, EATEO
2HE, ¥xyxgotudolE, JhtHolE F) = shdE AZAA| (o EXLERE|QOIE, ¥AFRTIE Qo]

Bomme OO AR Hg 5w oY A AAdE A 5 A b, ols 54 AAdES EHel d
Asha AR Aol S Adstng @tk Te, ot B wWe 543 A4 e da #gse s
o] opin] | B ugel A W 7)& WSl TEEe RE WE, FEE WA fAES TEehs Ao o
Hojo @rh. E Wy AWl Qlold wA® FA A&el g TAH Ade] B wvel axE 59 5
otk wAEE A9 1 A% due e

(99 W4]

1. 97 A4 2 GiA tlolg A=

B A 20199 @9l o R s A 1A GIASE V1Mo R & AEARI deolEE o &aAttU
Clin Med. 2019 Feb; 8(2): 275.). t%?l@zizm%ﬂIA%4%2%%ﬂzﬂﬁ}W§L°%%V 2]
OJHZ o] &R on, B Aol BFI 1A 2] 7| ol

1) 3 ¥ %W (saccular cerebral aneurysm);
2) 184 o] 41 3kt
3) Hell o2 & V]3] .

_10_
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Fagle v2.4 @ Minimacd ZZ1WE Agsle] zF 7AMAEZ NP A}d A §4A238S 2A438k3, Axiom
Asian Precision Medicine Research Array(APMRA)(Thermo Fisher Scientific, MA, USA)& o]&3}e] A3
o] XA ¥ 512,57571¢] SNPE 38l 2501 9] #x} 2 206 9] thzxatol s i) SNP 2 /-8 A5

& FAsnh,

2. 24X 2A, high-throughput imputation, ¥ quality control(QC)

A7) " 1o A4 Bk AMA GWASE FEHY] tiZdAT dlo]E7F ol = ®E,  “Batch Allele Consistency(BA
0" 7I'se &3l Al dAe] FdAE dHolHE FAs AT, 2F Ao Fdad &4 oA zhzhe] A5

9 WASE ZE WStz dlolgo & fE s SN 3= 4 low | BACE A A
EE s SNPE A3t Al ASH=E AHEE 7 .

=

oo, A7) W 104 BRI AHA F4x3E dHo]e= Axiom™Analysis Suite v1.1.1, Applied Biosystems
™(APT) v1.18, % SNPolisher™R package v3.0 & ©]&35}le] wASATH(= 1).

o]oj A} NHLBI(National Institutes of Health(NIH) National Heart, Lung and Blood Institute)elA] X3}
+ GenomeAsia 100K ZZ A Eo] A #|2}+et Asian-specific reference panel (GRCh37hgl9)S 283} t}.

w3, =& Xy ZF(high-throughput)®] Wo|(variation)s= Michigan Imputation Server v1.5.7
(https://imputationserver.sph.umich.edu/index.html#!'run/minimac4) &% X 3Z(imputation)3}$ic}.

B A= 7 BAAE S99 93] (The Institutional Review Board and Ethics Committee)?] %<1 Hrol 4=3J3}
S th(No. 2016-3 2 2019-06-006) .

3. B4 &4

a2 GWASChigh-throughput GWAS)+= A3, =, 71423 2 47FA] FoAEEA(PCA) # 22 WFE
ZAR% & AT, 7P & E9(the additive effective model)olA A4 mdS 4= , R

2

GWASE PLINK v1.9 program (https://www.cog-genomics.org/plink/) o2 FPHct. W& ZF
W Z3L2 R package v3.6.0 (https://cran.r-project.org/web/packages/qaman)2] “qgman” ¥ =A% Python
and R scripts (http://locuszoom.org/)2] LocusZoom v1.3% A2},

dyle] mAmel Aite] goke k29 Ut}

AMA GVASZ 2971¢] SNPE &lstglom, o] w4 wWol(Mendelian variants)el] <Jgt ZHAA = Q).
LD(Linkage Disequilibrium) tower®] ARol% EF-3}31 GBA, TCF24, OLFML2A, ARHGAP32, C(DI63L1, CUL4A,
LOC102724084, R LRRC39] 87N 349 (loci)ell A 80%<] F&e SAA HTHS Uehiden, oz niug
BOLL 2 EDNRA AAYE 7HEHAtk. high-throughput imputation® 7]Wro 2 Juo]Ed GWASE F
7,333,7467) AFOlE F 6,105,212709] SNPE A Eal] imputation £ score of = 0.58 Uehon,
genotyping call rate of = 95%, minor allele frequency(MAF) of = 0.01, % Hardy-Weinberg
equilibrium(HWE) p-value of = 0.0019] QC ®B|2~EE EF 3315},

54672 Athad(2509 2] 1A Ak 2 2967 9] thERh)9] PC1 B PC2E Folrlol A (AE HA oA Fadh
HAHS JERIR (X 34), gzt o]FA glo]l el RExE YERTH(E 3B). 6M mFA Fell A 3970 S
7} genome-wide significant threshold(p = 5><10_8)°ﬂ EEEATHE 30).

LD &(F < 0.8)] ¢]a 7}A A 7] (pruning) 8] o]& o] MAF % HWE p-value(=0.05)% AHH A8} AL A
e 11709 SNPE Fele = AATHE 2).



[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

ZIHSd 10-2023-0117873

* 2

Gene Function [Chr SNP Position (M [m |MAF HWE p [OR [L95 [U95 |P

L0C440704, RGS18 |intergeni|l1q31.2 |rs3120004|19122167 [C |T [0.374/0.2|0.865 |2.34|1.74(3.14|1.4E-0
c 2 18 8

L0C101928851, intergeni|4ql2 rs1851347(59220726 |A |G |0.438/0.2(0.564 [2.26[1.70|3.01|1.9E-0
NONE C 79 8

L0C101928851, intergeni|4ql2 rs1522095|59222703 [A |G |0.344/0.1|0.848 [2.66(1.93|3.66(|2.6E-0
NONE C 88 9

LINCO1162, SP4 intergeni|7pl5.3 |rs7779989|21265984 |A |G [0.378/0.2/0.065 |2.49]|1.83|3.37|4.6E-0
C 21 9

1GSF9B intronic {11925 |rs191300 |13380001 [T [C [0.192/0.0/1.000 |3.14|2.08|4.72|4.4E-0
7 74 8

Cl2o0rf5 Near 12p13.3 | rs4766232(4430018 |A |G [0.292/0.4(0.196 |0.44(0.33]0.59|1.1E-0
UTR-5 2 51 8

LINC00433, intergeni|13q31.2|rs1571056|89306589 |T [C [0.18/0.32|0.425 |0.42|0.31|0.57|3.7E-0
LINC00440 c 3 8

ATP11A intronic |13q34 |rs2297801|11353222 |C [T [0.48/0.32|1.000 |2.22|1.68[2.95|3.0E-0
4 3 8

L0C101928880, intergeni|16q24.2 | rs1293555| 88336978 |A |G [0.34/0.18|0.254 |2.47|1.80(3.40|2.6E-0
ZNF469 c 8 6 8

MYH13 intronic |17pl13.1|rs3826442|10227708 |C [T [0.242/0.4|0.634 |0.42|0.32(0.56|3.1E-0
16 9

SLC47A1 intronic |17pll.2|rs2440154|19444987 |G [A [0.282/0.1/0.791 |2.90|2.07|4.08|8.2E~-1
25 0

“M and m indicate major and minor allele types, respectively. Minor allele frequency (MAF) shows in

case (left) and control (right).b Hardy-Weinberg equilibrium p-value (HWE p) was estimated under the

control group composed of 296 subjects.

 0dds ratio (OR), 95% confidence intervals (Cis: L95, lower level of 95% CI; U95, upper level of 95%

CI), and p-value were estimated “by multivariate generalized linear model.

d 2
One tagging SNP is presented, which shows a strong pairwise linkage disequilibrium (LD, r > 0.8) in
multiple SNPs.

271 1170 SNP Foll A 6702 SNP7F LD towerZ zte Uwi A& (haplotype) 722 HASIIHE 4, = 5
6, =7, = 8 % T 9)., EAH rs3120004 SNPE= 1q31.2 $IXQ] LOC440704 E RGS1S -4 A} Akolol A #
AmMAE 2= P49+ ((odds ratio (OR) = 2.34, 95% confidence interval (CI): 1.74-3.14; p = 1.

10’8 L 3y, A7 SNP(LOCI01928851, 4ql2)¢] rs1522095% rs1851347 2 rs1996807 SNPE ¢+ 3 LDE

)

o}
4

X e

UERHSITHOR = 2.28, 95% CI: 1.70-3.01; p = 1.9x10). =1elub, rsl522095% rs18513479F ¥A
rs15220059F &7 0.649] LD(r) #S Uehit ©9 ZE SNPYS Eel8ATHOR = 2.66 95% CI: 1.93-3.66;
p=2.8x10). A& 4740 SNPE A Aut 9 (gene desert region)oll $1x|8HT.

3, rs2440154 SNP(SLC4741, 17p11.2)%= 1A A 913 S7kek 78 foe #48S YebATH((OR = 2.90,
95% CI: 2.07-4.08; p = 8.2X10 ). 37}2 7p15.3, 16q24.2 2 17p13.19] 3 JA= 1A BAe] 3o o) =5}

=
R =

o F9d #EAS YehddYr. 53], rs3826442 SNP(WYHL3, 17p13.1) F9H 49L& <ok 70 centi-

morgan(cM)/mega base-pair(Mbp)9] ¥ AZ3HES YERAATE.

A
3

rs191300( [GSF9B, 11q25), rsd766232(C12rf5, 12p13.32), rsl1571056(LINCOO433-LINCO0440, 13q31.2), %
rs2297801(ATP114, 13q34)¢] tFE 47] SNPE A GWASA A ©+d 2] SNPE vehlon A SNP 9
o= LDE #olg 4 glitt.
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Step 1: Group samples into batches. For each batch, perform the
following:

Step 2: Generate Sample DQC values
Step 3: QC samples based on DQC values
Step 4: Generate sample QC call rate

Step 5: QC samples based on QC call rate over QC SNPs in the
stepl.Axiom GT1 probe set list

Step 6: QC the plates

Step 7: Genotype passing samples & plates over recommended
SNPs in the step2.Axiom GT1 probe set list

Step 8: QC the SNPs and sort into six SNP categories

Step 9 (as needed): OTV caller and Supplemental analysis for
further classification

Legend:
B Step completed in Axiom Analysis Suite.

_13_



EH2

Initial sample collection
250 |A patients

296 controls

Initial GWAS
(Hong et al. 2019)

P——

Updated GWAS: high-
throughput imputation

control

and quali

6,105,212 SNPs after QC
(R?2 0.5, GCR 2 95%, MAF
2 1%, HWE p 2 0.001)

Total 798,148 SNPs genotyped by APMRA Chip
Quality contral:

« Genotype call rate < 95%
+ Minor allele frequency < 0.01
+ Hardy-Weinberg equilibrium P < 1E-06

512,575 SNPs passed in GWA analysis

29 out of 37 SNPs (P < 5E-08 and LD < 0.8)

2 SNPs out of 17 reported SNPs (P < 0.05)

+ BO{L and EDNRA loci

8 out of 29 SNPs (statistical power > 0.8)

s GBA% TCF24% OLFML2AY ARHGAP32% CDT63LT,
CUL4A, LOCTO2724084 LRRC3.

* Functional mutations

Allele-specific eQTL analysis via GTEx Portal

3 SNPs enriched in up- or down-regulation (P < 1E-05)
+ 156741819 (RNF1444)adrenal gland tissue

« 151052270 (TMODYT): testis

+ rs6841581 (EONRA): esophagus and skin

Michigan Imputation Server v1.5.7
+ Eagle v2.4 for pre-phasing

+ Minimac4 for imputation

« Asian100K Pilot Project Reference panel
+ Human genome 19 (build37)

=93
A B
* Ewopean S | = Korean
* Hisgpanic or mixed American
£ ® East Asian
& * South Asian .
3 * African g
#®
o 8__ K o g
g s 2 3
]
Y -
$ ER o
(=1
o
-0.10 005 O.in 0.;:'5 o.os2 0.656 o.h 4 0.654
c PG1 PGC1
12

-log10(p-value)

14 16 18 21

5 6 7 8 9 10 12
Chromosome
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o

~logolp-value)

=SIEL

rs3120004

LOCH40704 —=
T

190.8

191

T 11
191.2 1914
Position on chr1 (Mb)

191.6

-log,p{p-value)

g
)

F1

3]

12

~logy(p-value)

rs1522095
A

&
A
A

59.2 59.4
Pasition on chrd (Mb)

rs7779989

an ' f

02

ABCES—=
=

—5P8
0

RPL2ZIPE—

SFd
—_—

L,
v

AHT T =

-

208

21

T T
21.2 214
Position on chr7 (Mb)

216

_15_

10-2023-0117873



k1

g,
3

o

12 4 LD 10
1a - 08 |
06
T s rs12935558 L
TI‘-E ’
a B
g,
2 - =
1]
—SLC7AS BANP—  LOCT01926560— ZNF4gR—~  ZC3HIE—
— MIRET?S —LOCH00553 ZFPMT—=  W17C—=
3 y fil ik "
~oa wRspo—~  —cyoa
T T T 1
88 88.2 88.4 88.6 888
Position on chr1g (Mb)
=98

m

- logye(p-value)

rs3826442
e

- 0.8

0.6

GLP2ZR— =—MYMHT3 =—MYH4 -—MYHI —PIRT
[y - - - |
-—RCVAN —MYHE —MYH2 -—SC01
5 — - e
«— GAST —MYH! ADPRM—=
sy - -
- + —
9.8 10 10.2 104 106
Pasition on chr17 (Mb)
E=H9
F 12 LD 1
10 — rs2440154 0B |
- -l 04
£ 9 o
:}u (
o B
] -
2 & e
0 .
-— GRAP EPN2—= RNF112—= SLC4TA?— =—ALDH2AT -— AKAP1D
LOCTHG0 —= = BO01 SNORASHE —= = ULK2 SPECCT—
Chh S e | —— —
LOCIBBANE~= = MIRT1E0 SNORASGA —
S ik % - |
19 19.2 194 19.6 198
Position on chr17 (Mb)
R
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<110> Industry Academic Cooperation Foundation Hallym University

<120> rs1522095 marker composition for diagnosing cerebral aneurysm and
method of use thereof

<130> P214530

<160> 6

<170> KoPatentIn 3.0

<210> 1
<211> 201
<212> DNA

<213> Homo sapiens
<220><221> allele
<222> (101)

<223> y=cort

<400> 1

aagtatttgg taaaattcag cagtaaattc accaggtcct tggctattct ttgatgggag 60
acattttatt catagttcta tcttgttact taatattgat ygattcaggt tttatatttc 120
ttcatggttc attcttggta ggtggtatgt gtttagaaat ttatccatta cctctaagtt 180
ttcaaattta gtggtacata g 201
<210> 2

<211> 201

<212> DNA

<213> Homo sapiens

<220><221> allele

<222> (101)

<223> r=aorg

<400> 2

tccctaaaaa gggagaaatt acaaacattt tttcctagaa atggagagga cataatattt 60
aatgctattc tgatggettt gcattgaaat tggtcaaget ractaggetg agattatttt 120
ccaaaatttt ctttcaagtt acagtgggac acaagagaaa ttcttgtgtg agttttggag 180
ggcagaggtg atactcatac t 201
<210> 3

<211> 201

<212> DNA

_17_
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<213> Homo sapiens
<220><221> allele
<222> (101)

<223> r=aorg

<400> 3

ttctgetctt tgaacccatc tctccaggtt gaaaccatct tggcaaagta ttatcagecg 60
gtgtcttcgg ctagatggac ctttcaagec ctcctaaggt ragaaaatgt tatttttccc 120
ttttatgtgt tgtggttcat tggatagtat ttgtcatctt gtcacataat aggaatgacg 180
ttcacaatgt tgaaatacgc ¢ 201
<210> 4

<211> 200

<212> DNA

<213> Homo sapiens
<220><221> allele
<222> (101)

<223> r=aorg

<400> 4

caaggtaaca attcacttca tcccatgtat cattgcataa gttctcctgg gececegttgg 60
ctggggacgt ggacacgtgt gatttctget ctgcacccte rccagegetg ttctttecag 120
tgggcctttc cageccgggat cctgceccact tccttgtgece cagetttcca gagceccctca 180
gceectcecaa gggeccacca 200
<210> 5

<211> 201

<212> DNA

<213> Homo sapiens

<220><221> allele
<222> (101)

<223> y =cor t

<400> 5

ttgattggcc tctttgaaaa tgctacaaag aaagggtatc accctctaaa agcttattat 60
ctacacctaa gccaagaaat gggtcatgca cacacatgca ygcacatgtg cacacactgce 120
acacacacgt gtacataaac ttagatatca cccataaaca cattttttct ttttagatgg 180
agtttctctc tgtggcccag g 201

_18_



<210> 6
<211> 201
<212> DNA

<213> Homo sapiens
<220><221> allele
<222> (101)

<223> r=aorg

<400> 6

aagtatttgg taaaattcag cagtaaattc accaggtcct tggctattct ttgatgggag 60
acattttatt catagttcta tcttgttact taatattgat ygattcaggt tttatatttc 120
ttcatggttc attcttggta ggtggtatgt gtttagaaat ttatccatta cctctaagtt 180
ttcaaattta gtggtacata g 201
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