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dH Fiael] mgk 43 35E ddste] v 44 dY & 41}011 e 43 Sl weh S deste] wA
H s o)) ow X E EgEkE A1 #olof(Layer) & QlEPsHE e #olA, (D) 7] =9 e #11 ol
= (NN(Convolution Neural Network)ell <13 ¢ ]Oi(Layer)i st A7) ?JEE‘.?} A1 Folo] F, A1 Ao
g s o) Al A AR o|mAE FEFI evdeld ¥ (B) AV FE3

o olu]Xo] mjHE SNP HRE T A7 Al % ﬂﬂr Aol EAEE st ol A
skal, o]F ShEdhe ool ds AdT = .

0
i
ol
(<0
ol
kg
[}
i o
1o,
2
—
>,
oty
re

[U

ol
=
o
K
it
I
juic)
N
Z
lo

o,
N

AG7HA et d9d AFH TR 4Dl Fste eH el
T olon, Bo AAMg Aie 2 g A2 A oo mE

doly HW2(50)= o] AW Z2AA(10), MEHA AE#o]=(20), #WRe(30) 2 =EA](40) Ale]
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[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

o714 A1 dlo]E = SNP(Single Nucleotide Polymorphism, ¥ 7] t}&dA) 3 (0

SNP AHolt, FH An ZRAE upgt A7k %Zd_z}(DNA)é A5 Ay nE eSS A9 i

99.9%2] 937] Aol TLaly 0.1% BEwro] mAg xjo]rt glon, RE A5 fAx 2ol EA A Hn}

o FZEoldlA 119 1719 ztol2 e, ol UrEMt QA71E 9 472 sk, olglg ©d 977t
i 8

ol

e e o)
SNP JRE adAo

= (e}
SHE HFHo

sh= Aol SNPeltt, ol d SNPel fAA Abol wie] Aeleha S4o] @
o olgathd Aol AASE oln MuaE AT & dov, ¥ w94 o
ol gahax st

o=
Hodhg o] A1 AA oo gE A3k x4
o

Al dolH & g 99 = AX(100)¢ AAD NPH (M EA]), EE SNPH
(ﬂlcmﬂr 03_72-5 Tﬂr% QHPOV(MEM)E Fal 4" wE F Aden, orIA d4Ee FAY gux Edeke
= S\PARE EH AR FasA g5 4 e A9

W Ay rgay o aom

A, WS Fo AFEA 1 Ao AT g, wrk FAHCE Nl lolehd AF ol FAe] e A
AGE cZ3t ol t@ ol ANl AN ARSA o8 Mulz ATl bsAAY, Mol 1S
Savie Bael Bxjel Ui A% AYE S olo @ ol AFseAzlel 54 Agtel vlF wHHI
vy ek

THE A Henk, dAolE=(—A e a3t v & Aol

% 30 AR ke ol AL dloERur ohiel AL R} Qwge] EAUTIL FALC
2 4FE FaA NP A el 54 9109 A2 HolBE 98 wE 2100 @AE o T3 & ok

S48 FEsE P ounel AL A4 e mE 48 99% o5 3210007 29 P, ek FARe A
1 dlolelsh Alz dolEE ¥ Wi A HAT 5 Qliul, o714 Az HolH S\ g1e] FelmA B4 o
A =5 dolg AL 2= AL dolelst Folasl olul £Ao] fhEsel FAGR UFH FAH dold
oluf, AL dlolels Hio] A2 dolElE FA 4 wolel AL 4B} APPo] EAFE NP JuYelE BT
33 FET P-Value BT QA 71EL B Ratel Y NP AR FARE 4P AANE PAY 5 Q=
uh, A8 AYEE AST oo AT, o vebl B oww AA) NP FIAL F Arke FHol
2k,

St of7A Al AFS
olglw= A1 Aslo] A <
EAste] A o]orlm

4 T oS AFA(100)7F ¥ w2 Nge] Fxjol| s
11 tlole =, zﬂl A3 ApAge] EAFE = Aok 3]
¥3sle $1 HREE AAFTHE(S220).

olg{gk 5220 @A) A e FH AES AAsks AJn, 2o we vE g2 dAE 27

(@2}
r
w
Do
Do
o
au)
X,
-
b
o
ol
"
-1
2l
N
O
i)
g
il
ki
>
o
SN
>
iy
o
Ks)

ol R Wl HAe gyl Qold uigrd A4 o Wolnl, Weao] we AF @A FHEAY A
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[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

SSS0l 10-2439794

<M ol thgt A1 dle]HE HH (Random)

o714 N2 o] AsmA bA 5210 dAONA AR eE M olake] oluk, o)== M We] At tigh Al vlo]E
oA el Zlel7] wiZelw, M el ghabel] wigk Al dHoly FellA N fxtel ik Al vlo]lEE
How FE7] witel o g Wl tigk Al dlolefell A-Ax] = g Al wlel¥ o] A7} Theal
U Aol o

g st GWAS(Genome Wide Association Study, A% 7] A#dAd A)e AHoZ FE3 N9
Fxtel digk Al dolHE AL&3ed dojA] ME FAfo| digh Al "ol &, N Wl #xje] tigk |1 dlolH

o7 FEHEE 5220-1 @A E£3E 7)o o]Z (RR(Computational Randomized Replication)® W™
1

2| , o2 FZ3 NHY %Z}OH st Al dlelHE GWAS
3}o] P-value A% A ]%% FHF=A o o gk A3

GWAS® Genome Wide Association Study o ¢Fxl= A, A3 F4A AHA
EAT Am AAe fHRel €4 uiF FHAke] 2 QI Afolo] # A
olt},

olelst GWASel= 54 Ady AdAdo]l EAst=R 55 It 7159 Pvalue A& 4A 710 875 &=
5410 WA 1¢10° & o= sy & Ut}

o714 P-value A% 97 7159 #h2 2 Ao A1 AA o w2 23 3% «oF FX](100)9] #AA =
= AEAE AEA A = ek, Pvalue A 94 7150l AT P-value A 94 7S T3¢l
glo] A% 71F0], P-value A%t A 71Fo] Athd P-value A oA 7|58 £ ]
182 Aol , P-value ¢ A 7150 09 7M7h-&4F HE3H(Specific) gt £4do] o]Fojd 4= Qt},

22 omaiu}, Qzbel Ay

L=
A5 A8 B 7Y F 8

to g

v, A1 Ago] AW Aol A P-value Ay AA 7=

o

AP WAL FANTY, AnA BA A A3} Pvalue Ao WA J1ES Bakste] Al A8 AnAo] &
A & ek e e ) o] Tu Al S\ A el SAE Fu Ao )% eTH(52208).
o

P-value 9 fAAE AL A8 dvbgel EAT 4 ks 1Ee AFe] F4E 1
Ao, o2 7122 A% APEE A5 FAME 2449 AFo] FAHoz aFEL, o) halA
SOES S, $220-3 WAL 249 AEe WAl Mt o eliES QMG PO olssn FEa)
o & Aol

AelA 7153 F1

ShA ok 5220 © wHAIOA AL dHolE e} HEY A2 "HolHE Y e AHe-, $220-3¢

YrEd = A2 Holgr7t £8E o] S Zolm, S220-3 @Al 23] FH F/léE o 71=3 SNPH A =%}
A2 dolE7l SHEE AF, oo e e HERE FAISAY, o duvrs Aese] FE A7) A
UEE 75T F Jds Aot

o]7]14 K& 80 WA 120 ¥ o= M“ S 9lom | $220-1 WA WA $220-3 ©AI7F K3 ubEE oz \veo
gxtol]l st A1 dlo] 1 ZF Nl shxlo] tigt A1 dlolg 7t o= 3 ol g A1 rﬂOlEMl XA A ek F
A3 FE4E = US Ao, :Loﬂ w2 GVAS H8% 7Hsed &40 uh, Mol Sxtol Bk A1 doleHE Hu)

HOR 08T & Yonz AF AYED ATl UoMe] FAw, o bt By Ao NHHS By
[e]

AN & ks Aol st
a8y K7F Z7bEe] uheb $220-1 @A) WA $220-3 ©AIE aWkE o] W whEgol sl g X7 A]7lo] 9.
2049 & denh, o HEH Z2AHE 53 48 5 . dF 59, X 60 A ule} o] B oubwgo)

AL A el wE A fFE 5 FA00)7F S e Z2AX(10)S EFetar, Zhzbe] Z2AM7E
d9oz 52 7bestes FHTT o= shube] ZRAAM A $220-1 @A WA S220-3 FAE FATY F
Alell B ke ZRAAMA $220-1 ©A WA S220-3 DAIE FAT F AL olER HA A Alile] F7]H
SR 95E F & Zoln. o el Al AA ol mE A& AP o5 A (100)7F She] ZR=A
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[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

AA0)E ZHska, & Z2AMA0 e Wi AdE 54 MR 2Ed A A w7 Aoy, 8t
the] Z2AXN10)E Eeldte] MEA e Agshs Aolnz Ag] &mrh Wold shegel lEw, B4 e
Z2AMA0)E Edehs AHeM WE Z2AYeR sk Aol uieAs, oldl wheAl sk
ofvh & Aol

g, 8220-3 WA 5220-4 TA Apele] Fu EiEel Y]HE st oo FH =
AL dleTg el AAlshe @A1(5220-3 )& W £ & olevh, FE GAE 7153 s o] FR f4
Ao SNPR el #1A1= olv P-value Awk A 71EE& S Aolrlel, 5220-1 @AIR FFst] A FEE
7Fede Aol WAsy] e, WE ZRAYeR FHss 49 & 7ol RAlE vheh o] 5220-3° W

5

olg|7} Folg Zleol7lel Al Ay Azte] dFE=

Ul &= 200 gk Ao

bt
i
]
<
I
I
<
iy

TR g2ES AAHPTA, 43 dn o X (100)7 A TR G AEVE Leteke s oAkl ¥R &
Azl 94 iy ARl g A SleE ddstel 4 dE A g HIE gl we A4S gele)
of wjAE st o]t onxE EeEE All #lolo] (Layer)E A 3HTH(S230)

$220 SAZA St AP TR oP2EE NP WS EFEhs faE FEelr] wie] dE RS o
3t olE gFely] AsiME AFE AT A Jked FHE dzmdEjor &w, & EHe
CNN(Convolution Neural Network)< o]&3&t7]ol 98 7}&dt olux] ez A:P3|oF star, s AL

gl ol % EAghste] alAAom mAG, B owwel 9 4A do] wE A% PR dS P (100)E

£} mFshe st olgel Fu HAde] NP el ANE xR Y Fu FA%e] SN JR(F

AL Be A9 W2 AN, $(0), @AY B M, Aa, ad, aadl e £E HDE 299

govl, Allele 437 AP A FaAl7] el & el 71F FAAE Fu 20 TFSE S
Fu AR P ARG S DY Y FAA B A IRE 144

sEZL mshe st olge] T fael S\ guel @4 Uy
v &

H on A& /pEA o wfAeTH(S230-1).

A7 dA Y FAAe g 7 ¥ A A7 gle Ak el EAEke A (58 HE =
ol AR 27HA=E vHold & ek, G4 diE ARl tig A AATE e B9 FoE Aol A 3
A G dig Akl oigk g3te] EAlshe Ag-l FolE Ao] gk Mol AAEte E 8 =AlH
Area 1& F2dH 7lE FAAE 7IEo2 SNP12 WikAe] Fofg oju A7} 17K, A%t 3]4o] Fojg o]w]X]
7} 170 v sl glen, SNP2E A%k 3] Ao] Rl oju]x]7} A v =7k 14,

Kl 2%
Q4 o faxel dE Aol 181, SWs ulA S\PeelA A4 i Aol Hi Agte] 281e AL ofw)
sherh, Fu 2EsE T st olgel Fm R S\ R 94 Uy FARel ae 4F A5

R
=0, 1 223 o= sidd = 3.

24 " ARl gk A3 ool wet Alo] RojE omAE wiAPhE, A4 iy FARel i A
3] H =

257k A% gelstel WAR s ool onAE e AL dolold Q=Y THS230-2).

A4 g faAel W@ 4T 570, 12 2 F o skt = vkn @vh, @4 g FAdl oa A

T 257k 22 AS(EY A, st o4l oviAel A1Ael, A4 Y FALe U He 191 7
?55] %

A
19 8®), skt ol oluAel A2 Aol, 44 W FAA B WG 479
2), skt ool olulHel A3Ae] wiFE 4 glom, e SWIlA A4 Uiy Al Ul Biel 13,
SNP2el A A thH fraAel ek el 03], S\P3lA AM hd fraAbel e Aol 18], S\P5 1A SNP6
AN G4 oY FALel BE gFol 2818 Sl = g = 3 24
(A7 5 4)0], SP3E A2 A(SH5A)ol, NP5 A SNP6S A1 Aol MFE AL &

X 99

o

S230 @A, B} TAH R $230-1 wA 2 $230-2 GAE FPFoEH AIYH Al Holo]E: HE
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[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

=2 st EAIgE, ZHzhe] o]mx]= SNP1 WA SNPQ(QE el A7) 94 tiE fFxAl
£ Uetli= slolw, Al A W] A3 A F o= st} wiA
FrAzpe] ol wat Aol d ¢ S Aot

5230 SAIZFAl a8k CNNoll QISt ool = = e ojmx] feje] A1 #Holoj7p ¢
Pk d2 3% o F FA(100)7F 1P AL HeoJo]E CNNell 1% #lo]e]
ojo] &, A1 Mol wiHE sput ool Al H3 A oW|AE FF H FHEFIHTE(S240) .

NN tEAQD 8l o] de] HEFA dolol& Fall A% folojodA EX (Feature) S F=3 AAREE 535
= 9eld (Deep Learning) 7Moo 24 B wmdo] A1 AA oo w2 A 935 o= &2 (100)0] 2 &¥=

o #eol =

s}
o
=
i ~—
o,
n
rir
o
f
i)

[>

[m
N
e
il
Q‘L

o

CNN& 7129] CNNT} AolslA Wwe] = o} (Pooling Layer)i: X3¥31A &i=nl, SNP AHAA g 2z}
o] A ARl A& SNPH ol AT AT Al EFH dolofd <t Xéi E4E WA 5
Astolm, o] (NNo| & W] HAstE o] AxHnloldd shte] Al BEFo= & o Qlrt.

olsh vio] ¥ Wl AL AN o] e AR AWE AF FN (L0 HETE OWe] E e 541 5
A& d9shd thes

S Mol 18 =Heh= A A=Y E 32 sfle] SNP AHE 1:19 v S 2 @2+ dZ7(Case/Control) S
2 JEy=nl, A GAx dAFolAE 1:3 e 1 oAow xS AdAos A FAste] EAE
W, o] A% dlzTtol Heko] wAStE=nl, ol WX sly] Y &o|r).

S A&3te] A G| A ALEE = Mini-batch® WA, Cross-calidation & &3% &7

o), g2} 1007 /18t 900 2] % 1,000 0.2 TAE mAeke] A9, K-fold(K=10, 1055

g glolH &2 d2kE 4= At (Stochastic Gradient Decent)

=% Leaky RelUE A &ah=n}, dnwbH o2 AR = Relli= {0, 1, 2}2 s19¥

Ho| Zoju|glE g3Fo] WA E R AH3elA] 7)o BE -4 (Protective Gene)

aE g3ty fgold.
=

L1001 = 9ol AR AL #llo]olE CWell Q1L #lelof& iste] A1 A& A3t o|mA| = 1%% I

T EES drHeR EAERIOIRESS 32 £, AEFS Al el ]E}), shit ool HAEFAH #Heolo
(Conl, Con2, ConN)E& &3l 1% #Hold=2Hy EAE F=at1, &7 79HE #olof(Fel, FcN)% 714 A1
A% A oA E FE3e BES I F gdon, HFHor FE3F Al 43 AH ovX= 24 UiH
Fraate] digk J3 Sl 271 Al Mo g wjAE o]m Aol

stE, E4 A" §ARe gigk H3 857 &5 AL Aol uig AT v B 5 oy, o= Al
1 doloj7b E3bate ghvt o]de on A HAE Ve ‘1‘3% FAst= o7l 9 iy FAztel g
x5k =F n

947} 290 A1 Aoz WAE ou A A1 AE 2
A el mE AF P9UE o= FA (10007 A ow dugt & otk dF So}, Al elololst %ata

= st ool oAz A4 WY el Wi WF A9 lo] Az Mo ujHE ouXst A4 Y F
Aol Wi A B4 0ol AL Mo wHE ofuAure ekdthr, Al A% Ad omAm A4 Y
Aol sk A A 1o] Az Mo WA ouA} FEE FE 9 Aol

= A 1007} FE st ool A

shih o]ke] Al A8 A olHAE FEF H SEAviE A AP 4 i
1 A% A ofmxjo] wjdd NP FRE Aol EAsts st olae FHAE sl
A1 Agkel] g YA =E A3k, ol HEITH(S250).

S240 @AM FE 2 8kl sl o] Al AE AR ojn A= oju|x]e] Hejolu}, S230 @A d=:y
H olnx]o]7] wi&Eo]| HZ Al ©lolgl7} a8t SNP ARIF wiF Ho] glon | S250 @Al E Al A3 A
o oolu[Xel mAE SNPAHRE Fdl Al A&7 AB/go] EAlste FAAE FAsle APEE dF55ta olE

N

HAEsE Aot

S250 ©AIZLA] FEEtE A1 A3yt A o] A8}
A A Ag Aol EAskE & 3z

o] AbA Zeto] 7lEdt owt HeEks Hgs 4 .

g, Al A g AEEE 0 WA 19 FF 2@ F¢E F e, 1 ] IWhesE d At
A1 Agho] AL g0l o 0o Fhegs FEC] B, ol V2= Al Ak B rheAde] AR A
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SSS0l 10-2439794

FHHo R, & 11 shdel ZAlE kel o] A1 Aol st HAE oS 2AE EAsHE ©A(S260)7F A
= 4 9lErh, Explainable Al 714 % &}ub9l Gradient Class Activation Map 71&S ARg&3hH, ol& 4l
Aol d5 275 d9sr] A8 EYuraE dEx (NG 7 E sty 298 o e Vlsolt. o3t

$H, 4 12 olgdtel 2 o] At RE S Au thal Al S AS5] A oWF FFS
v A=A A48kt (S260-1).

5¢ Zw,f.Convk
_/':?—S_l]_);]] 1 Grad-CAM i

S : )
o 7|4 P GmdciM o wgy Wk b Sapa(e 7 8)9 kAA Feature Mapol] i ARzl <& S

wg
k
stz oln, COMV = wa Feature Map®] AEZM 7 o]t}
ob W o] Al A oo wWE AH JFE o= A (100)e] ALHE WS BE fA% TI}E wda)
=2 g gk, Fd9 Grad-CAM¥H= 2] RelU7) & &5#] ket
L _ } ) S )
Hglgthy | BE R th3te] A3 Grad-CAM score = = Mo A1 A Fla(c, ., I12)E U
gow Al A3 BT dZo] AS F AE Grad-CAN scoreD 84 22 o] &alo] AA FHTH(S260-2) |
e 28
Fops o T
a7 Tre A as 2, 2, 280 geld niA S\ Ane] Wi diola, me $A BRO| 5
SC

7o mAA $H2F2] Grad-CAM score©]T}.
T 12% $260-1 @A WA S260-2 GHAIS AR =Y ZAS B3 Ayloln] & 138 AnkH <l GWAS H& 2

soleh, = 129] AR AW AT BATe] 7 SN Aol thg Mg} 5
we] Heat Mapol 4% 1% & glem, o Al AR A ABE AF37] A3 Hed
NSl 7RIS Aztshe Adeltt, #, E 129 et Sl Heat Nap®) 7 A(Column)®) B#E Vel
4 Al

el % 129 ® 13 WaSW AL AR A AEH Avyel EAGE FARR LA 619 £
PRRX1, PPFIA4, PITX2, HAND2, NEURL, ZFIHX3¢] $260-1 €7l UlA] $S260-2 @AIZ A dZo 2AZ FA5
SR & A2 Jlolss AS FAT F vk,

>~i

].

it

A & el A2 ) ool e Gl HAE B8R AL AYE A5 B sl s,

= 39 5 249) 7% dlolElR ol g3l A 2

~% 1%@ S ootk Em@, B4 A WP Arel AL dlelesh Hie] Al A%} Axkgol

QA2 wlelEE A Wi, A2 dolgE 7w

| EAeh S\ Aueels B35 P-Value A

melel A S AuA e 4% AAE WAT ¢ e, A8 AR A5

, 1:1 ok ¥ wg AAe] NHYE FPAD  Ark. M He] Aol o AL o

Sl ek AL ol E WHoE FES] wEel of= @ Wl Wk AL delee]

ASIELS) A1el) PSS . S GSE A8 ol 99 LRALE Sl

S 2bA e GVASE K3 RbS

148 o AYEE A5 9]
13
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=
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[0109]

[0110]

[0111]

[0112]

SS50l 10-2439794

grefo] AW, Al Aol i APeS Flste] 1o 7PAEE Al Aok A TheAde] AR Apdte] Thedt
o defe A8 4 Aok, EE Al Al Wik A= S50 2AE E4ste] AT 4 slenh,

= 14%= P-Value ¥ A 7150 Ecihl, oFe] HEEE YehJl= AUC(Area
Under the Curve)7} 60 WA 94918 & ugl X owyof wE Hu o Fe AL P-
-2

Value A 47 7]£ol 1#10 Q1 5ol 94%0] @3ts 20 4 3.

S, 5 AeS BAE] A8 AAME] AWstAe kAR, B oIy Al AAl de oE F3 x4
= FA(100)eF 2 HHe] A2 HA] odd e FH JRE F83 H3 PE oS Y 54 Ved &
e Egete & o A3 AA oo whE wiAle] A HiFH Trador FHE 4 vk, o] A5 v
Al A7¥ AFE Z2aWS AFY o Ajpste], (A MM o] AF)H o] #xle gk Al vlolg &
Q1= wrm] - A7) A1 dlo]E]= SNP(Single Nucleotide Polymorphism, ¥ <17] ttaAd) Ho| Z3kg sk
SNP EQl, ©Al, (BB) 7] 48 whe MNie] Xl g Al doly %, Al A3y} A#dAdo] EAFE F 3l
g #aEE s o] TR FHAY AV SN FH G 9AE x2FetE TR HAEE AAYE ©A,
(CC) 471 BT 1 F2EVF 283)= 3hvt o] FH XA 44 iy Fxxd dig A1 s+E 2
wete] 7] d4 oiE Al digh JE sG] wak s gElste] miAE s o] onHE E s
A1 #olof(Layer)E ¢1mdst= ©@A, (DD) 7] <1:93F A1 #o]o]E CNN(Convolution Neural Network)oell
A% Holol(Layer)® JEste] 7] fd=€d Al dojo] &, A1 Aol wiHE 3t ool A1 A3 Ax o|v]
AE F% % st 94 2 (BE) A7) FE5T sk} o] Al 23 A3 ojuAo] v ¥ SNP JEE T3
A7 Al A Aol EAEE s o] el FHAE FAS Al Aol gk APEE dFst, olE
AEste dAE Add = g Aot

ol HEH THE Fxdto] B HyY HAA 5SS AYSIAARE, B UHo] &HiE 7]E FoklA FAde A
A& 7HR A B odgo] 1 vEH Aoy ARl EAS WAEA guA b A FEE A=
F UoE AL oldllT F AS Ao}k, T IBR oo A 7|ET HAl o5 BEE WA o AHQ] HolH
A 2o] ofd Aoz o] s okut 3t}

Foeo HYy

100 ZREAA

200 YEHA Qe FHo]x
300 HEg

40: ~EgA

41: A5FE 29
50: HlolE W

1000 4 AuE S8 A3 AIE o5 3
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