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2 HEAES A7 22 A%E EYE HAAR 3 fdx 245 Fdsta olE F3 dojx dlolE
FARAS Tt dojzl B o] SNPE 9IS A wjeh A de] o, FE Vs AR A8 e
olg g IlEy Xujel ko] f-&3tA4 T8d 4 o).

B oayo] ' tE gEHjEA, B wwe 715 X uf(Parkinson's disease dementia) A}e] MZZRE A=
DNAE FHlskE @A A7) Als DNAE A& A6 71EE o] &3ty F&ste oA 9 7] 5% 47425
B g71Es Av Sold ddr|vydyd FHdPY 58 Elste @A E ek IS A A 9
d st JRE AT WHE AT

os, ® wre] olalE H7] fstel mgAR ANelE ANAG. e avle ANele B wEe ny 4
A olala] ekl AFHE AQ W, a7 AAdel o8] & wwe] Ugo] dAHE AL o),

[2A ]
AN 1. A FH g ug
-1, A9 did S

B dyxE5L olate) g Yo A 371541 (Parkinson™s disease, PD) X"} (Parkinson’s disease with dementia,
PDD), Fo|2A X uf(dementia with Lewy bodies, DLB), #1173 AletS oz 3to] AHS AP3ST).
PDe] A& UK Brain bank 7]l 7]%3}$laL, PDDo| tfj gk

@& Movement Disorder Society Task Forceoll A
S AFESIT. B AGE Ao Y AR
A wel et o, A3e Hojd BE

B o
Aotk Ht 7)o 7)1z, 8% DLBe dighk e 7]
3] (Institutional Review Board, IRB)¥= #& WwE =3
A= IRB gF Al wheh AR S M S AT ekt

SEEN

PDe} THEE wHolA, wWd fdo] = ey =i vl A side] e (rare monogenic familial
2 ole} FHEE W] TH {3z, dxslolwyn AEE Wel, A2y o

o ] A 3 gy #HEE Wold, 217 (neuroinflammation) 3}
H|E 38k 109,804712] "ol A E49] Aoy g%l ¥E 4 A7 udol AL},

AE HolE <l
ALfE Wolo] FA ARl HEL d7] & 1ol YERAT
721
Source Not Design submit Design
Design Rate

AD(PMID:30820047) 689|244 933 26.2%
AD_IGAP 9754|6474 16228 39.9%
ADPD_cRE 5412|533 5945 9.0%
DLB(PMID:31065058) 2|1 3 33.3%
ENDOSOME 451|714 1165 61.3%
GWAS_cat_AD 2827)2319 5146 45.1%
GWAS_cat_DM 484|332 816 40.7%
GWAS_cat_PD 1356|1183 2539 46.6%
GWAS_cat_T2D 6248(5261 11509 45.7%
KEGG_LYSOSOME 9461289 2235 57.7%
KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 817(1166 1983 58.8%
MITOCHONDRION 2389|3458 5847 59.1%
NEURON_DEVELOPMENT 423|715 1138 62.8%




[0052]

[0053]

[0055]

[0056]

ZIHSd 10-2023-0085588

PD(Nall_2019 Biorxiv) 663[615 1278 48.1%
PD(PMID:28892059) 6|6 12 50.0%
PD_Foo 3681|3604 7285 49.5%
PD_Nall 13158(10132 23290 43.5%
REACTOME_ACTIVATION_OF_NF_KAPPAB_IN_B_CELLS 378|545 923 59.0%
SLEEP 142|282 424 66.5%
SLEEP(PMID: 18820697) 9 66.7%
SLEEP(PMID:19412176) 10 50.0%
SLEEP(PMID:21170044) 7 42.9%
SLEEP(PMID:22257907) 11 36.4%
SLEEP(PMID:26507264) 34(50 84 59.5%
SLEEP(PMID: 29535854 ) 139|107 246 43.5%
T2D(PMID:30718926) 92 11 18.2%
T2D_Xue 9223|8059 17282 46.6%
UBIQUITIN_CYCLE 262|426 638 61.9%
Other_GWAS_cat 50292 61726] 112018 55.1%
=94 109804 109261 |219065 |49.9%

teo®, 5 vh7l, 1000 Al ZE2AE @A 3ol EFFHA B2 vhA], Fobalol GIAS Aol A 25 |
A w7k 021 whA Bl ZEA] SNP(EIZL r2>0.8) 5 AlS ATHE 2).

)
T

x 2
Taggings 1%k @A 4 wiA gl
Description Marker # QC Marker #
Step0 Raw 219065] .
Stepl Remove duple Marker 179344 39721
Step2 1000genome 165822 13522
Step3 MAF = 0 151641 14181
Stepd Tagging r_ 0.8 59920 91721
Tagging SNP Coverage
Stepb-1 independent Marker 45109
Step6-1 DesignPossible 32379 12730
Stepb-2 Non Independent Group 14807
Step6-2 DesignPossible Group 13880 927
Step7 Final Tagging SNP 46259
5 H %2 neste] 4 299 SolH viAS AeAG(E 3)
F 3
Description Marker # T A # Priority
Step0 Tagging SNP 46,259 46,259 Top
Stepl Priorityl Uniq Marker 12,088 58,347 Middle
Step2 Priority2 Uniq Marker 15210 73,557 Bottom
Step3 A= vbA 2L Multi allelic 23} 667|74,224 Top
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= nfo]g 2ol ol = 74,22470¢] mpA7} E3HE QAT

1-3. s Fdud

Hu Wikel Agds =ES 5t Ao AEe] 4S8 s 12 AR FRAEE W DNA £
TE AY o/ 7heA wEdl W EEFE(call rate)(<0.95%) S 7 Alg EA A A QST EE oY
AEA (heterozygosity) S HolFs AEZE W& DNA 2 T AZ9 o9 7MsA wlidd 4o A9
o AA xE FExE SAsigleon, WA xR FXA AA Hoju= HoR IRIEE Aolxw A HE
(low quality sample)® JF7gsle] g oA AQstth. SNP 23 (pruning) E3F ATt @A dlo]
EE AREstE A9 ofuldk 12k Ao 2 oA H = (multidimensional scaling, MDS) #24]& AJzto] who] A
g2 A7 =33 (linkage disequilibrium)el 719k tiE 2 Q1 SNP AR YE vlo]Elo A Aeiaiqitt. 2T 7
=3} 7} (possibility of population stratification) @ Q8] AA FEHo|A Hojdt FE2 WSS H7|s}
o EAA AQetait. & e AMEZ UA 5 o] de] SNP7F v A9 DA EH 9 Ve JAFERE Qg
2F s MAESI.

22k AR F2 #EE 13 Als EE #E )l oel o] ¥ o= e AR 9 o] dAEHA
%% AlE(sex-inconsistent samples)E A9|g FHAE Z7 (genotype calling) 22 FA433lct. g A
4 #AYE FIYS v, FE AY VS SFHA XS HAE ALYt BA 2L gREEY A 4
FEo g =H€AS 7Sty wEo] NP deolHE ¢F 1xF A A (cryptic first-degree relative
analysis)oll Al A1 €] = Slt).

1-4. &4 71t 4 (single nucleotide polymorphism) vk #2 g

AEA SNPE Al9]87] 918 SNPolisher w418 Faalltt. & Eo] 95% WvHd o] & Eo] W S\PE 2=
B A7 ¢ SYH2HE 24 FAR A 3F T2AMzd 2F/7F AT ¢ gornz ALAHY. EA SNPY
Hardy-Weinberg B (Hardy-Weinberg equilibrium, HWE) E|=EQ] P-gko] Wowl FAxE Fej2HEY Ao

OF7} S 4 Qe HIEE P <10 = aFlth. MARZF <1991 Z$= A8 7 2 tlzod 2% 298450}

1-5. BA 4wy

A Wolor FAZEW Xufzte] ARG A A% o5 ts 2429 37 Ed(multiple
logistic regression model)S ARg3slo] HA13} Z oo thale] wxpH](odds ratios, OR), 95%
o] A&7 (confidence interval, CI) B %= P-Zh(two-tailed P-value)S AXFesitt. thE nvluE $3to]
Bonferroni BAE ARE-3e] 12k 419 P-#ke] FodS Hrlsiglth. Se12HE #3428+ P<0.0001= SNP
o] 4 HolHE Htem Hialste Fsiglon, 4 #HE T EE FAAE WHolAdd gk P-hel
sl walE &3 (Manhattan plots) 2 9594 &% (quantile-quantile plots, Q-Q Plot)& T3 3%F

o,

ZA BAL PLINK 2223 (2 1.90, NIH-NIDDK Laboratory of Biological Modeling, Bethesda, MD, USA),
Haploview(®¥#l 4.2, Daly Lab at the Broad Institute, Cambridge, MA, USA), LocusZoom(H7Z 1.4,
University of Michigan, Department of Biostatistics, Center for Statistical Genetics, Ann Arbor, MI,
USA) 2 R(BA 3.1.2, Free Software Foundation, Inc., Boston, MA, USA)S &-8&3}o] W 3Y3}ict.

2
HE A S2p 317, FoliA A &2p 119, AT X 6489 S T5d8e] A¥
] ,ﬂ

ey v B 4 AR
1

_9_
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¥ 4
[0074] PD with dementia | DLB (n=11) HC (n=635) p-value
(n=313)
Age, mean (SD) 69.9 (6.8) 72.1 (6.8) 68.5 (6.7) 0.008
Sex, female (%) 167 (58.0) 2 (20.0) 257 (44.3) <0.001
MMSE, mean (SD) 16.7 (5.8) 20.3 (5.2) 27.5 (1.5) <0.001
Age at disease onset of PD, mean (SD) 69.9 (6.8) 72.1 (6.8) - 0.03
Disease duration, mean (SD) 7.9 (5.3) 3.1 (2.5 - 0.004
MOCA, mean (SD) 16.1 (6.3) - - <0.001
UPDRS total 43.5 (19.7) 54.2 (28.8) - <0.001
H&Y 2.7 (0.8) 1.8 (1.7) - <0.001

[0076] A7% dizatel vla] H1EW AJufell A ool BlEo] o] %9ka(58.0% ) 44.3%, P <0.001), DLBOllA of/d¢]
Hlgo] A7et g7 vlaste] o WA JERTH(20.0% o) 44.3%, P <0.001).

[0077] =4 B E TS 41,534719 NP FAAE giste] 7] AAld 1-59 SAEA WHE T3 248 59
ST, S A AL gx2as vwg Q-Q TR T 19 YERley, oo g wIE EF2
% 20 YERRRATE

[0078] SNCA SNP rs11931074%= #4719 A mje} #=do] &S Flagi o [alxbH] (0R) 0.614, Al FIH(CI) 0.494-
0.762, P<10], o]s} o] T Xujol BAFATIAL BlE A9 107) NP ¥ 5o Ui,

F5
[0079] rs number |chr |Gene Region relative to|Allele Minor allele|OR (95%|P-value
gene (minor/majo|frequency CI)
r) (case/contro
1)
rs1193107 |4 SNCA, GPRINS3 intron,downstream,ups |G/C 0.3622/0.4646(0.6138 |0.0000098
4 tream (0.494 |0
3,
0.762 )
rs1456522 |2 SATB2,L0C101927619 | intron, downstream,ups |A/G 0.1534/0.0968|2.031 |0.0000167
tream 5 (1.471,|2
2.804 )
rs1264251 |4 SNCA, GPRINS3 intron,downstream,ups [A/C 0.3562/0.4558(0.6322 [0.0000269
4 tream (0.510 |1
4,
0.7831
)
rs1949829 |7  |[COBL,POM121L12 upstream T/C 0.2067/0.1451]1.734 |0.0000964
(1.315, |4
2.287 )
rs4767293 |12 |[ERP29,NAA25 downstream A/G 0.08466/0.046(2.285 |0.0001232
46 (1.499, 10
3.483 )
rs3758650 |11 |CDHR5 UTR-3 A/G 0.1198/0.0796|1.923 |0.0002260
5 (1.359, 10
2.722 )
rs1064807 |8 BNIP3L,PPP2R2A upstream,downstream,e|C/T 0.09295/0.152(0.5234 [0.0002534
Xon 4 (0.37, |0
0.7403
)
rs636291 |1 |PEX14 intron G/A 0.238/0.3252 |0.6354 |0.0002611
(0.498 |0
1,
0.8105
)
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[0091]
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rs3803689 |16 | ZNF276 intron C/T 0.2644/0.1924|1.586 |0.0002629
(1.238, (0
2.032 )
rs6033431 |4 |KIT intron T/C 0.2188/0.1635(1.642 |0.0002982
7 (1.255, (0
2.149 )

AF7] SNPES SATB2, LOC101927619, SNCA, GPRIN3, COBL, POM121L12, ERP29, NAA25, CDHR5, BNIP3L,
PPP2R2A, PEX14, ZNF276 2 KIT @A} &9 SNPE 338l Aoz sHelEdr).

AAd 3. AAAG7INEEA Y (NGS, next generation sequencing)S 83 ZAME AL

AR A7E vtgo® 7 R dyye] Aol T =2 SNP vEAE 4 WX 2871 AdEste],
Hie IME ALstal F 47019 SNP wAE et AANGE 7GR (NGS)E EF s d (targeted panel)<
A zsR ok, s del E?:E]Cﬂ AE SNP 5, SEW Aol B E SNPE &) E 60 YRS

X6
PDD-H [rs11931074 |rs1456522 | rs12642514 |rs1949829 | rs4767293 | rs3758650 |rs1064807 | rs636291 | rs3803689

e, Aul, Sey A, FolaA Avish Bvel dvkm duld 647l FAAE TGO, 1 F4
A a7 = 7ol eI
E7
APOE APP ARSA ATP13A2 ATP1A3 ATP6AP2 C19orf12 CHCHD10
CHCHD2 CHMP2B CSF1R CTSD DCTN1 DNAJC6 ET1F4G1 FBX07
FTL FUS GBA GCH1 GIGYF2 GRN HTRA1 HTRA2
ITM2B LRRK2 MAPT NOTCH3 PARK2 PARK? PINK1 PLA2G6
POLG PRKRA PRNP PSEN1 PSEN2 RAB27A RAB35 RAB39B
SLC6A3 SNCA SNCB SORL1 SPG11 SPR SQSTM1 SYNJ1
SIGMART SLC20A2 TBK1 TFEB TH TLR2 TREM2 TYROBP
TAF1 TARDBP UBQLN2 UCHL1 VCP VPS13A VPS35 XPR1

NGS el BA% AH5S AFsl7] Yste] 4770 NP2 647 A Abel A Mol S 1] oA BF3F 2459 A
F(Coriell Institiute, USA)®} 3709 =} AEE ARgste] A& AT 8).

F 8

# Coriell ID |H#&Xt i o # Coriell ID |#AZA i o
1 [NA25291 SLC6A3 c.1408T>A ¢.1409A>G | 13 |ND00139 SNCA 3 copies
2 |ND16281 GBA ASN370SER 14 |ND00196 SNCA 3 copies
3 |ND04841 PARK2 GLN34ARG 15 |[ND01038 PARK2 EX4DEL
4 |ND06284 PARK2 ARG42PRO, EX3DEL 16 |ND01039 PARK2 EX4DEL
5 |ND06646 PARK2 ARG275TRP 17 |[ND01040 PARK2 EX4DEL
6 |ND11267 MAPT VAL337MET 18 |ND02380 MAPT ASN279LYS
7 |ND11268 MAPT VAL337MET 19 |NG06849 PSEN1 ALA246GLU
8 |ND12648 LRRK2 THR23561LE 20 [NG09907 PSEN2 ASN1411LE
9 |ND31627 MAPT PRO301LEU 21 [NG09908 PSEN2 ASN141ILE
10 |ND32658 DCIN1 THR72PRO 22 |NG10009 APOE CYS112, ARG158
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[0096]

[0098]
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11 |ND34981 GBA LRRK2 [ASN2370SERGLY2019SE | 23 |NG10956 APOE CYS112ARG
R
12 |NGO4402 APOE CYS112ARG 24 [NG12729 APOE ARG158CYS

FAHeZ 7] ¥ 89 MAEF IAAAAE gz AE NGS Wde HAAEZ3A(limit of detection,
DNA input), ZHJE# (interfering substances), A& (reproducibility) ¥ A& % (accuracy)E ZAHsIY &
212 A5 (analytical performances)s #5stlon, 1 HASAINE 3t7] & 9o ERHAT.

9
g A g AAANEEH) 23
HA A=A 200, 100, 50, 25 ng X< DNA |ND01037 7 T 2 F 248 NEAIg
Limit of | V! | NGo6849 T A, Adgdel dadeln
detect ion 7 wxdA 284 BEAD(E 24|ye09907 2T AEHAE
3]) 4770 SNP wiAC] tiste], TE
- = : - SPARS
ANgEdel mEwol B 477 S\ g?ﬂ%g&gg%%ﬂ GRS
genotyping °| FHAoRZ AZF/F TEE e o
e =X A5
A EAlInterferi |2 FAAE 93 HHEI S| AAIN] A=l 7HdEZ  bilirubin,
ng substances | R A}E N9 hemoglobin, chg)lesterol% -
TEE Bilirubin(40mg/dL), b Fll = Age el 477
hemoglobin(0.2g/dL), SNPOHJEHEL }%e_notymgg o] EF
cholesterol (503mg/dL)S Al A A oE 7 EAE(100%)
7}
Zb A i 33 whE A
AldEAe] 477) SNP genotyping ©|
ARHo R FHHEX AF
A& AdReproducibi [A A, 2E, AARPEH] 7He] A€ |ND01037 ME o2 AEA, AE ZE 9
lit ] 7} AAPGH S wkEA o7 ALg3slo]
' A 23] 3% BB ADCE 96 ARRE Fole Ad, AAed
dy T RS AR NGossg o ‘Yol A% W 477] SWPo
_ _ NG09907 3k ingo] AAH o=
NHEAel dEEel % 47 S G sopotpinec]
genotyping ©] AFHow HE/F Y
P e=A A=
8% Accuracy AEF 2457 QA 3F 02 AIIND06646 9 23F |5 2759 NPEES Oigow
9 CSI-C1097 ¢] 2= |W3EWo]l HE 81 477§ S\P
7} A=A tste] 13 A8 genotyping A¥E ofn] ezl
= nE= =4 7;‘3;4'9’]' H]j}?_ﬁl- 7‘:‘3—1 100% %IX]E
AgEde] gxe] ¥ 477H_SNP = gojo =
genotyping ©] AAHoR HAE/F = e
e ex A5

A FAT SNP whA L} FHxke] tiERelE EA48h7] 98] das HAh DNA F(HRAETA)S 25 nge 2 el
HA. 3 SNPo} FHAF tmoldl thEt HEAue AP, RE, Aggue] WE 9 Wi oste] g
S ukx] ekgromm ALYl AFARS 1 = Q. 2450 AEFS} 3719 AAAAT BA3 dFEHel=
A AT B dAEA HAEH 1009 AEEE Bov. aEa 41 2ol bR 97 SNPE
e 4770 SNPoll ti gk genotyping Al EE FAAA AAH o2 FAHJSS AT

47 A B owPe ARe AT 9% Aelw, ¥ wno] Hah JERoke] Bel A4 A A @
WYl J1eA Abgolt B4 59 MRS guAd tE TAH Fuz G4 wHel shssvks AL
oalet 4 AL Aotk amz oA EF AN LE Wolx A AolH FRH] ohd A
o ofsfslorn ek
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k1
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Chsmrved —logyala)

Ewpecied =logilo)

Multiple logistic Regression analysis

£ b i \-

i A
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Multiple logistic Regression analysis
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