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24| & (organ secretions), Al¥E(cell), AIE FEE(cell extract), @N, =t g AW FIAE gyt
A3, 24N (cerebrospinal fluid) % o]9] EFES ¥t 4= oy, o] IFAHHE= 4% olyr},

B oyed gof, " HEAY & BE 714D dloleulel =gt o] mw 4 9t 71F (reference) HEO
2, WA 54 A% EE Tl g gl Ao ouath, ¥ ouwel glojn, 4] grAue EF A4
A A vlelE ol zol A BE QMRS NBI So FENA/TO FHHe] Y Fx AAAA F 3l

HEoakdo A A7) (a) YAY @A BEAE DNA 9 F 9o, mu sEAsAE e3kEodax
DNA(circulating tumor DNA, ctDNA) & <= gloi}, o] =

2 o] oA, A7) et dryl XE A2 FH o gt WHow 53 4 glon | HigHsH=
nlo]d o] E e (bisulfite  conversion) r= g3t DNA W9 (Methylated  DNA
Immunoprecipitation, MeDIP) 2.2 £53 AL EJo=m & 4 glor} o]d IALE AL ot

2 oA, DNA WHEslE AT F+ Jde YHS A
methylation restriction enzyme(MRE)E o]-&3lo] Wels}l ¥ X =
o] £ Md(recognition site)E Awts}e] hybridization W S+ PCRE

B dtdgo| A wlolMutolE X3he]  7|wkgE WFH S Whole-Genome Bisulfite Sequencing(WGBS), Reduced-
Representation Bisulfite Sequencing (RRBS), Methylated CpG Tandems Amplification and Sequencing (MCTA-
seq), Targeted Bisulfite Sequencing, Methylation Array @ Methylation-specific PCR (MSP) So] lt}.

Eoubgo A wE3l DNAES T3} (enrichment)dte] #43t= #HS Methylated DNA Immunoprecipitation
Sequencing (MeDIP-seq), Methyl-CpG Binding Domain Protein Capture Sequencing (MBD-seq) %] Ut}.

2 odhgo A wEst DNAS 248 = 9= & b2 WS 5-hydroxymethylation profiling®] 9om, 1 ¢A]
2+ 5hmC-Seal (hMe-Seal), hmC-CATCH, Hydroxymethylated DNA Immunoprecipitation Sequencing (hMeDIP-

seq), Oxidative Bisulfite Conversion 5°] ¢t}.

B ool 47] A f4A 231417 (next-generat ion sequencer)t A FAE el AAY W
Mo A8E F Slth AlE wel 25 Pele Aue) AuYE AYHome A ADINSE 4831
o A AT AL A A e o R AR PAR el Ak 2Ao) o) e
2 abgn xmA F el mRUoEeE Ade AEAE oo ANy WUE EATAS Hol, 105

FEAlel AAE. o ANgeelA, golueel W it Fo Ao Eae AR A
JolElol A o] 5% Adel e B4 52 2 & oglvk, A A9

o,
2
(g
|

2
™
iT‘_,
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[0062]

[0064]

[0065]

[0066]

[0067]

[0068]

[0070]
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U FAdAd FAH Qa, dE 5o £ "WHAe Hx=2A x¥gE TH(Metzker, M. (2010) Nature
Biotechnology Reviews 11:31-46)¢] 7] A€l t}.

AR FHNA, AA ARELS JHe] it #2118 FEHLElE ES AR A8 (A E Eo,
delzmx~  Hlo] 9 AlolA X~ (Helicos BioSciences)e] #g]xmxX  FHA AP Al2=E(HeliScope Gene
Sequencing system) B A]Fnlo] 9 Alo]dd o] HMujo]o o]~ Al AEI(PacBio RS system)). tHE AAEE]o|
A, A, dE B, B AAR ¢ 1 gEE wEojUlE uE AEA BHED AR O9 7 4D o
B °§7le el E digEEe] F2-2T AlAAE(dE o], A XYolF Ay olae] AAg dFuL} 2l

[e]

1

FxHolE]=(I11lumina Inc.) &AL Al (Solexa sequencer)) WS 771l &4k Exto] fis) 2oz 3
FE ZEAY FEHELEe|E AES AAgt(dE Eol, AYx Yoty AMrdate] AAlgh dFny IFEY
OlE]=(Illumina Inc.) €A} A A (Solexa sequencer); 454 g}o]Z Alo]A > (Life Sciences)(ZUEHF H
WAx=o] &A) Z ofo]l E@ME(Ion Torrent)). A ABFE A% th2 W = 7|Al=, olstel AlFE
T AL oAk, 454 #}o]E Apeld(Life Sciences)(ZUE AT BWMETo| 42A]), o]E}o|= nlo] A~
(A xyols E2FH AHo &Al; SOLID ARA), Az vpo]Atold s Ix g ol (mjAFA=F
B &A) H oEAd F molar -5 AP 7IH Y JA(AE 5o, AFHke] 2.(GnuBio) A )el 9
3l Ak

2k ABAE AT EFHEFS, oltel AlREHE AL ol ARE, E47(Roche)/4549] s Al FA (Genome
Sequencer: GS) FLX Alx®l AZujub(I1lumina)/E& A Solexa) Al #2171 (Genome Analyzer: GA), ©}o]X
(Life)/APGS] A XE  £e]3l(Support Oligonucleotide Ligation Detection: SOLiD) AlZ2=®l, Z=2Y|o|H
(Polonator)®] G.007 A]z=®l gz Hlo|QAlold~e] AgrzmE  FHAR ADA A]2El(Helicos
BioSciences' HeliScope Gene Sequencing system), JA2¥E= Yx¥o] HAEZZX2=(0xford Nanopore
Technologies)®] PromethION, GrilON, MinION A]2®l 2 ${A]E wlo] @ Alo]dAd A~ (Pacific Biosciences)?] #ju}b
o] @ %ol ~(PacBio RS) Al ~®lS F38h3ic},

Eoutgol g, A7) (b) ©AY ME HEE AFE
Ao RREH, dF Eof #F2-T= Hd)o] dF

1 A AlEAA 2= AL (dE o, 2AH Al
del thal AHE-=]
ar

o= =
g= At 7IE AE Abele] A S UM RN F2

N

g 750 I ASERIEH Bd AFHA 9 e FJES gt M9 Ad Al
oeFet daElFel AE=E £ A, dF duyFe AUdoz =XR, FUHem E Sol4ds
sl &gtk o5, dE 5o 953 ZEagy-udt dugEs 2t 954 Z2agYe I4E°] 4
hsk AR Yirolgomy B33 BAE s|Zsts Wt dE HEe dUFHeR o agFoA, A
PHom HAG A gtt. o=, oE Eo diF deolgulol~ AMS A3 AAE Fel Y (heuristic) Eid
= 2 854 (probabilistic) WS FE3H3c}.

APHo g, Ad Ao F DAV S F Avh: FEA HAAF 9 AE A, FEA AAE 7Hed Ad A
o] ¢ #H2 dA vl HA AwozHE MG AES % 1N TS FAAY. &7t AAlskE vket
2ol Ad AEE TR AA Gl AFE AEs e NG9S AEAE dAE 28T ol 39 HE
(A5 5, UET-EH Needleman-Wunsch) AE) & o4 AH(AE 59, 2ua-9EHT HAH)S AFE3o]
T34 5 Q).

gite] £ A daglEe A W 7)aket 37k §3 F shUE 5AeR 3 4 o d4 HelE
(dl& o], BLAST, ELAND, SOAP), HHIALEZI(E £9°f, Bowtie, BVA) % ®3 AH(AE £, &gold
(Slider))el 719kel dagl&. &2 = A9 AES 98 dFH oz Agdrt.

of lofM, &7l (b) @A AddA= ol AFEA= o, BiA dads 2 Hgld AEs o83t

ko] Qloja], Ab7] BWA <] BWA-ALN, BWA-SW 3= Bowtie2 So] ¥3=E 4 gloir} o]d 3AgxE=

Worle 2ok
Ik
O

rlo
o
T
O

2 oo glojA, A7) b) WA MEA R (reads)d) Aol 5 WA 5000 bpoli, A}
57 WX 500%07F & 4 oy, ol dAgEE R oft},

oo
QL
rlr
2
12
o
s
1o,
4
rlr
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[0072]

[0074]

[0075]

[0076]

[0078]

[0079]

[0081]

[0082]

[0083]

[0084]
[0085]
[0086]

[0087]

[0089]

[0090]
[0091]
[0092]

[0093]

[0094]

[0095]
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o] QlolA, A7l (o) @IS #EstE delEls FEE g s vvtor AT £ e ¥WEI
t]o] g o] o] 01%7}-‘:5}1::1 g2l s Al W= 7@ E3(Grand Canyon plot, GC plot)?! A& 53

2l 5
1, olel @AEE AL opy,

2 ol A dEstE dolH= o] dFHAE Fou nigFsAE omAstd RS 5
omA= 7|EHer AR FAAH =, JAR FEE onAE WH3E 274 O]le]gl ol whebA 1A}
2D HE(S9), 32+ 2D HE (color(RGB)) H& 42+ 2D HH (col

2 g o] WEslE dlolE = oju| A IAHE XA i, dE 5o nre =9 oju|x] oy Fog Hola nztY
o] 2D #ME (Multi-dimensional Vector)E o]&3lo] ¥ A5 RHe] 8 dolgz AFES 4= Q.

2 oA GC plote B TS (YA bin = A7|7F U2 bin) XFo2 T3 AAthE xjolo] Ag m
= 59 22 ddddc® 18 & § e FAE YFoR2 YA plotoltt

2 akgolA], 47] (¢) SAIE F3sl7|d 44 dEd ibhde] 48 UX %= d4(mapping quality score)E
TESle dAldH S w2 BEReeE 9AS FUIE 28stE AS 5w &

PN
T

oA Ab7] A AX% A<S=(mapping quality score)E Qdle 7|&o what

A= 15-70%1, v whbAshAlE 50~704 o 4 lal, 7P whbAsAlE 60H Y 4 3l

e

® ool glolA, 471 () WAIS GC plote UY AxruHe] GAA T4 REES 77
G wE SR Aloldl AE ANstel WEstE HolHE 4Ys AL S0 ¥ & dvh

B ool SEHe] F Et aam Alole) A AL Wt PHe ANEs A 34
8 )%olw Agglel o g8 F e,

wowgel glold, 7] AdE AAARe] QA 74 BEE RawEe £ AN AL e
g xgele] st AL 540w & 4 ot

1) AL 485 3H(bin) o® FEats Al

iii) 2 73tell 249 A

iv) 24 3ol EHE X F e
ek oA

FE AZo HAA HxdH 2 yFo] A (normalization)dtE ©A; 2
=

gtar, A7) iii) SAlA AeE Btk g vE go® sked GC plots

B ool glopd, 7] AR AAgRre) QAA T2 0 BEE Aawd Aole] ARz Atst 2L o]
o WS TSl past: AL Ao ¥ 5 At

ol
1) GAAE AT (bin) 2R FiEsteE Bl
ii) 7t 3kl Adw S Alole] A2l (Fragments Distance, FD)#& AlXtah ©HA;
iii) 2 #EE AL AdES 7Ivrez 2 ko] Agle] tE gk (RepfD)S AA sk @Al

iv) 271 111) Aol A ALkE g xmgS WA dAdE AR ge] gigge® o] gatsh(normalization)sh
= A o

iv) 24 3k £ X F go® sla, A7) iv) @Al AL BtEt S YEF e s o] GC plotS A
AstE ).

[¢]

ool 7] GC plot2 GAA 1ARE 227149 GC plotS YE o2 AHS o] slye] omA & XA EHA
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o]
E

A
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L
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S
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o1A, 71 o

L

tol A A A<

oANA, 471 FD @&

oA A

o A, 71 2
[¢)

ol A

2
3

e
=

Ly

a

u, DASE 220714 AR ofw] A

FD = Dist(Ri~Rj) (1<i<j<n),

4 oA e

17|14 Dist &

A=k

[0097]
[0098]
[0100]
[0101]
[0102]
[0103]
[0107]
[0108]

W
;OD
2!

2 T4

wE A%
A A% R ool @

1

o

.

Apole] FD

i

k. 71 A Al

SR
P =t

=
3

=

=y

27} o] 2 WA n
T

aL,

o

Apele] A7

v
i+l
ok,

=
T

o

=

i7F 19 A,
5

%)
A 1H9] 4,183 ~ 4,232 o|t},

=

=
1
=

A 19 4,183 ¢l

A 1M 4,232 ~ 4,2819]
1A 199 412394 9 x|o] 4HEd

)
AA 18] 4,123~4,1720]H

1)
dte] A2

°©

O A
=

ol FD #k(Fragment Distance Value)+ BHE¥
He] do)7t 50bp o)™,

e
=

e

)

o A Al AT
Ag) Aol AHgE 5
o4 997} B & e,

=
-

[0109]
[0110]
[0111]
[0112]

6104 1590]H

°
g

Atele] FD k

]

A

il
a1l

=
-

ol
=4
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[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0122]

[0123]

[0125]

[0126]
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A AR A A GdH o] FD gk 12004 11002, A7) % FD gk w9 3 zeol g, x} - S
20, & 2, T4k, B, A, Hogk, 24, 2EEA, F95 dd 834 2 L% T2 FA4H
o A el sl o) Bk ‘;‘/EE% Shut olde] olge] 9gk, B FFAF x8E ANEI F o] g

= jomn, nlFA S A= F Pk WA @ 3l 9dFuel AL 5H e

AL B agel oM, 7] D @ S wAe FAGORNE Ao g UsAL W e A
A } 2=

E 2, 19 FURE AVA W FEE 21 E4A2 YA 9 1Y FI9 AR 28 AT
G 5Ol 12, 100 3 o] A Sl ghel A W, 27h A T ] A 27 FAakel Bk
oF #% Aol FD gl 9% A% shedl 9 T kel FFOE TR A4 B, oF Hol 1, 10, 90, 200
o

o
FD #ko]l 91 A% F4ghe 103 909 H49l 500] A},
9

gl dojAl, 7] el ke A de] YAE yEd 4 low Agglo] o] & kst ubEA s
0 WA 5 kbp T A Zdol9 0 WA 300%, 0 WA 3 kbp = A wH Zole] 0 WA 200%, 0 W
1 kbp Hi= b &3 Zole] 0 WA 100%, B vhgbAsA= 0 A 500 bp Hi= 2k @ Zeole] 0 WA
50 A 4 ok, olof @A E = AL ofurt,

& el Slold, ] e Aol A= ALY Gired-end seuencing)d AT, Y % A9
H(reads)®l ARG Moz BEae S SHow & 5 v

2L ke

>

[e=]
=

o

2
W Yes A 1] 4183 A Al dEHar,

ol & E°], 50bp Zol9 Hoj= = = oA, e
ek 2= 43499 A YXol AEEA, o] dabekEe] oF wrke 4183, 43497 a1, @A wE A A&
T A 7R 4183~4349¢0]th. o] wl A7) @ik vy e e HoE = = gelA, AW f=
= G 1HY] 43494 Ao AEEa, 9w 2= 451504 AEEW, o] A P 9x e
4349~4515 oJt}t. o] F &;al vl Al 0-3330] & 4 i, 7 wpA s 7 A e Fokke] A

2]Ql 166°] € 4= SiTh.

wowge] glojA, 7] sel= A= ARYoR AAYRE ST 4, AAYR(reads)d FY AL 7FE
2k mlrel ala = A 5oz & % k.

2 wgof QlojA, A7) FD a2 = = AB7d(single-end sequencing) ¥ 7A5-, A4 = AW MEA
H(read) o] $IA# & THE 7IWeE EE3=

AL BHo= T & Q.

®oage] qlolM, 7] 4F A= ARG 9, AWFOR JUY AGYRE /MO AARE 5T 3
ol Aol e taAFe, GUPoR FPY AYYRE /MO ANAS =T Al A9 @S
MFE Ae SHom @ 4 ger, 47 gele] ge F) gol @4 wHle] 9% WeA YRS ot
gtolwl Agglel ol-g7bssht, st 0 U Skbp Ei= Ak v Zole] 0 WX 300, 0 WA 3kbp
S St g el 0 U 2008, 0 WA Tibe S A

= W= 100%, 9<% vtdAsE 0 1)

2 oA A8t e AR AR Ho FE(reads)dhe @GR 2dE 5 Aok, o] FEE AEA
WHe] wel Ae = A]¥(single end sequencing read, SE) % Ho= ?ﬂ—‘:— A8/ (paired end
sequencing read, PE)S.2 g 9\15} SE HV‘]«] ﬂ‘:L Ak 52}4 53 3 =
gt dolrta AEd 3 AS >

H}. o]2fgh Xpo] wjFe], SE RE® }\]%J_)B] ?—% 7§—°r Els 7HQ A dEoRRYH U9 =7k A7]3, PE B
ol Y A dyiomRE 2/ vt Aom AHEE A Y TeAelA & I Apdeltt.
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[0127]
[0128]
[0129]
[0130]
[0132]
[0134]
[0136]
[0138]
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model output

-

o

1

[Z(yi ]og(nzodel(xi)) +(1—-y) log(l - model(xi)))]

1

n

model(x,) = i 7Y input Of LIF X/

2] 1: Binary classification

loss(model(x),y) =
y= 27X label &t

n = input data =

[0139]
[0140]
[0141]
[0142]
[0143]



[0144]

[0145]
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[0147]

[0148]

[0149]
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[0155]

[0156]

[0158]
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[0161]
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2] 20 Multi-class classification

loss(model(x),y) = —%Z(Z(yij log(model(x,));)

i=1 j=1
model(x,); = i #AY input Off j EIAY OIF XS model output
y= #H label gt
A

n = input data =

c= class =

B dyoll A 47| binary classification® Q&A% EHo| ¢ FHE #AHEIEE stG5sleE AL 9n|siy,
multi-class classificatione UF A5 EHo] o F& WHIIEE st AL 9u s

oA, 7] 1EAE o] (WY A5, T5e 3] dAE EFste] FIEe Ae SHoR T F

c}:

i) A2 GC plotS training(®H<s), validation(FZF), test(ASH7}) HolHE EF

x2 FPE

b= WAl

ol

o] W], Training Hlo|E+= (NN E2& sF53 w) A}8-% a1, Validation ©|°]E]& hyper—parameter tuning 7%

of AHEEE, Test HlolEH: HAel mul 44 ¥, A% BAE AEHE AL SHo W,

rr

ii) Hyper—parameter tuning % & FAS EdlA HAHYJ N RS 535t dA; 2
iii) Hyper-parameter tuningS %34 Hojx o8] Zde] A5E validation dataE ©]&3le] HlnLs}o],

validation data As°] 7F& = S HA Y rdw AAFE GA;

rlo
i
e,

H ool A A7) Hyper—-parameter tuning g2 CNN @S o]Fi+= o] parameter(convolution layer <=,
dense layer <=, convolution filter o &) & #HA3} sli= HAHO=E Hyper-parameter tuning FHOZE

Bayesian optimization % grid search 7]H< AM&3dlE AS EAFog 3 4 Q).

ulr
# &3} AA, Training loss tH] validation loss7} S7Fsl7] Al&std mdlo] 343k (Overfitting) A
Ftstar, 24 model SH5S TUSIE S EHoE 3 4 Y.

ol A A7] sk AL A A hyper—parameter£S ©]-&3lo] (NN Eelo] W4 parameter (weights)E

2o iz

2 dge] QlojAl, A7) (d) dAlA Jd3AF Edo]l 8w HEHslE dolH2RYH 4% Az 54
score i Aol A stgle] o] 8rF3sH, vlEA S A= DPI(Deep Probability Index) #%l RS EFo=

L

B dhgdo] 4| Deep probability Index™ <¢1¥A5 model® wkA]9}t layeroll binary classificationd 74-%-
sigmoid function, multi-class classification® 7% softmax function= AF&3}e] €159 output2 0
1 scale® ZA3le] FEFoR I S ou|dt),

Binary classificationd %o+ sigmoid functiong ©]-&3}o] ol AL DPI Fto] 1o HAL d5S 3
0 X ¥

o}
=
. dE S0, ABEAET AEd A AEe] A", AFEAEFT A=) DPL ghe] 1o 7M=S 3

#ahe Aol

Multi-class classification ¥ 7o+ softmax functiong ©]-&3}e], class ZN9hEe] DPI e A

7
©th. Class 7is=Rb=o] DPIgke] g2 loj¥ar, Al sigds= o &9 DPIgte] 1o] A= 5= st |t
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[0166]

[0168]

[0169]

[0170]

[0172]

[0174]
[0175]
[0176]

[0177]

[0178]

[0180]

[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0189]

d& 591, 3/M9 class AAEAESE, 1, Gdol A, MAEAMNESE sampleo] E12W, FHUY classE 1

of 7HAl eEstA H= Aoldt.

= Aol 7] (d) @A1e &8 232 o FHE EEHe s 5HEeR @ dn.

2 ago A, A7 JIFA T REE &5 u, do] JOW output AF7F 1o FPEA SheFstar, o] glow
output 237} 0ol 7MEA 5SS AAA, 0.58 7]£o& 0.5 olold o] drfa s, 0.5 o]steo]d
oto] Qittal Fhale] performance =4S 438t tH(Training, validation, test accuracy).

o71A, 0.59 7S AAEA vk F v #olEte A2 B4 vIEAelAl AHE Folth. dE EolA
False positive($194)E Foluxl atd, 0580 ¥& 7lEghs AAste] o] dvka wde:= 7Es 94
Al 7FA 4 4= 9lal, False I\Iegatlve(ﬂo/H Zolaz & 7FEHE o WA A3 do] A #
He Vs 25 9 kA 1A 2 5 o

744wk o] unseen data(8t<oll trainingdhA] &2 @& <1 A=

Al SEE ABAF RDL o3
°l
R

]_
data)S H-E&A17A, DPIgES probabilitys #H<lste] 7IEas A + Aot

woagel glold, A7l (o) WS & Ak Mug B ¢ B2 A5 wAL 29 AR 3, A
P g Vsl o $2 A% gom wRs: wAE Egehs PHon SYss AL 540w ¥ 5
Ak,

B oge o B, AAARNA e FEst] ths Jusk T ALIRE A5 A5
%8 AGe BF GAA AG deleiuolze) FPshs FER

4E A e A o g3ko] vElske dojelg sk dole 4R

A vEskd doleE sed AFAE wdd Este) RSy, /s vastel ¢ fE wASHE
oF Qe 9

FHE ARG BHSe] ¢ FL AFSHE ¢ F AFVE LI ¢ W9 L & F AF PAF TP
oF AW W g F ASFAe) B Aol

B ogge ® e B, AFE BE AS® A% ARA, ¢ A8 % ¢ FL AFshs 2N 9

(b) 5% MEA-H(reads)E ET AAA A<E dolE Mol X~ (reference genome database)oll *3 ¥ (alignmen

t)3ste A,
(c) A7 AEd AEAHH(reads) 7|¥e] A S o] §3to] HE S dolHE A=A

e,
of{
N
ofr
3l
m_u
=
jins
T
o,
2
Sh
1%
rot
i
i)
iy
o
gﬁN_‘
o
.1
B
~
=
=

(@ A5 47 AEEE dodE g4
q_:_

value)< vluste] ok %5 #4st= A, 2

te FEHielA 2ol wE W HAFHE olgste] 7EE  du. & FAdedA, HFEHE F AE o
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[0193]

[0195]

[0196]

[0198]

[0199]

[0201]

[0202]

[0203]
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AE st o] ZRAAME 2FETL. I F AEdE wEY, A% 44X, 7=, 239 o ¥ (Graphics
Adapter), ¥91¥ X (Pointing Device) ¥ UEHA oJ¥E (Network Adapter) o] A=< v}, 4 +&
dollA, A7 H AES MHee viz] AEE? &8 (Memory Controller Hub) % 1/0 AEEZ 3| Ho| 2]s}o]
7bsattt. e FEdeA, 7] mMEgE H AE dialed ZEAAe] AR AZEo A8E & drk. ARG A
& sl= =go] X, (D-ROM(Compact Disk Read-Only Memory), DVD W+ 7]E} H®E AHAXE X35t dolH

£ 44 5 At delel gl MEelE AN o] AgH wold 2 Wale] weldch. 47 X
E Tuolst vhgss, E@E (Track Ball) Ei T 89 AW tule]lxd & 913, Flnsel 234
o A4 HolEE AFH Asdlez Agatd AgHT. A7 2aH oWEE taBd] AdA ouA o
g Ans depith 4] MED oj9EE 2 E 4 BA%es AFE AxH Agdn. B
ol AgHE AFEHE AW 99 Lo THOR AL Qe ohm, AF FAel A, Fke TAL
xg @ 4 glen], we AFFAGAUES A (Storage Area Network, SAN)S] QR 4 glon] Bl AF
i Bgol mE we] Fag 99 mzade mEe) ddd AgdEs w48 4 ol

4 B
)
~
RS
rot
_o|L
[
ﬁ
2
Ak
>,
[~
)
%
(e}
=
-
(@]
e
1o
i
Ak
o
rO
uV)
)
il
1o
=
e
o
o T

of, WAlo], Et AxEFe] Ei o]Fe] 2Foz FAY & k. 2EZHR
Fal of
=

FE o 22 FA os) d=rbed dEHje A% e dEske dole] wAE 2
T gl=
il [e)

ot .
=2
__>|“_’,4
fr
=

D dE &9 AFEH #57t OM(Read Only Memory); RAM(Random Access Memory); A7|t]A=
A v A FAE e Ay FES wEE A D Ve AV)E, FEE By 34 A dY A 58 23S
=
AA oql

AA 1. AN vdstE cfDNAE FE3te], A H7INE Y 53

47420 1857 B A1 RA|EF (neuroblastoma) #2F 57989 HMdmf F F 3000 rpm, 25C10we] o=
g FEnk 12 AR v, 13 dAEeEE @35 16000g, 25TC10w] 2o w 23 dA4ldgste] A
=& A 8 Aeds FEsiith. Eel® @7l tiEl chemagen DNA kit AFE3te] cell-free DNAE &
3}al, Truseq Nano DNA HT library prep kit (Illumina)ZE AF&3 %4 adaptor ligation TA7FA] =33k t}
S cfMediIP kit (diagnode)®] antibodyZ ©]&a] 10 rpm, 4 C17A)1ZF ¥+-23lo] 5mC immunoprecipitationg %l
3l thS purifications R 33kaL, ©A] Truseq Nano DNA HT library prep kit (Illumina)E AR&3] PCR
enrichment& F3Jsle], HF A2l libraryE A&t tr. AZ3E libraryi Novaseq 6000 (Illumina) & 150

paired—end RE=2 sequencings 3Psle] AMZ o oF 30 million 7N reads & AAFsl ).

A 2. Sakd® 5= 79k GC plot A

AN 104 $53 2g)== bwa(version 0.7.17-r1188) alignment toolS ©]-&3le] AL WA ol E Hx
duplicate Ak

=

A AHE t}3, biobambam2 bammarkduplicates (version 2.0.87) toolE ©]-83}o] PCR
GHE A AL, sambamba(version 0.6.6)& ©]83}9] mapping qualityZ} 60 ©]&k¢l 3A TS A A8k o).
GC plot GAA| 9] Al&HEEH L7t NGS reads’t AEE FEHIE nd@st=d, JEAAE At ZE GAA
= HAA &= 100 kilobase bin® & WirthS, ZF binol] % reads® == A|SltH(read count value). Z+
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[0205]
[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

[0213]

[0214]
[0215]

[0216]

[0217]

[0218]
[0219]

[0221]

[0222]

SIS 10-2023-0059423
bino]l &H¥E reads count #S MEZ9 AA reads FE Yol A3 (Normalization) FABE 23stATt. A

173+ bin read countZtE YZE, ZF binY £AE Xgte® =1 A EHEZ GC plot AAStx, AAFSE GC
plotS 1 AAAFH 229 AAA7A] HHste] 1719 o|nAE AT E 2).

AA 3. GC plot 7|8t ANARAEE Hajd =d 7Z 9 pP[ A

1. g¥d =249 =

Ao 2014 AJAFSE GC plot< training(8tsy), validation(F=), test(BHBSH7F) HeolH=E Yo,
Training Hl°]El&= (NN 228 8+538F o A}83}a1, Validation Hl©]E]: hyper—parameter tuning 7Zol A&
sglon] | Test HolEH & HA o 2d A & AT HI7L2 AFSSISI Y.

Tensorflow (version 2.4.1)& o]&3}e] (N E2 5 9 shko]l ALE3sgis=d, N Rdo Fx
convolution layer —> pooling layer —> fully connected layer £2.2 ©|Fo]x $lil, convolution layer ©F
Soll= 3% pooling layer’F Ad=o] Ath. Convolution layer 704 2 fully connected layerol] 7H4-&
hyper-parameter tuning ¥85 SaiA ZAAsAT. 2dE 5 o, EHF4(loss function)E HAst &
= WEgo s IF Pstgon, EA%deE 74 1 9 74 29 gt

rr

HH o] mdS F317] 93 scikit-optimize (version 0.7.4) python package® ©]-83}o] hyper—parameter
tuningd}$itt. Hyper-parameter tuning ¥4 (NN EHS o]F+= o2 parameter(convolution layer <=,
dense layer <=, convolution filter 4 &) #& HAs s+ FH2=, Convolution layer 745,
convolution filter 7§4*, convolution patch size, fully connected layer 74>, hidden node 7]<,
activation function, dropout %, learning rateE hyper-parameter2 X < Bayesian optimization 7]
e olgste]l HA o ndl FHeglon, Az hyper-parameter® RS 53 o Training loss Ui
validation loss7} S718t7] Alzteld Rdlo] 343 (Overfitting) H At FE o] 2ol model &5 T3t
931, Hyper—parameter tuning oA Hojx ojz] B2l A%S validation dataZ o] 83t vl & A%
o] 7V £& RdlS HAH o wdolg; weslal, test datag: ©)&3 s H7F IP3SATE.

3-2. DPI(Deep Probability Index) At

Hyper—parameter tunings EalA T3l H Ao Rdd dolg (GC plot)S YWolFH, RH9 output layers
F3lA EE el E8HEH.
WA Binary classification®d Zd%-ol= =29 output layero] sigmoid function& AFE3}Tl. Sigmod
fuctione 3}7] 4 33 #v}.

1

%22 3 Sigmoid function: 1+e™*

il

x = output layer

T4 3ol F¥E= FE g(PD2 stz A, ool kel ARSI

L

Multi-class classificationd %ol Ed9] output layerol] softmax functione AM&3FHow | F21 49}

Fda=
e’i
C Xiy
2]‘:19 I

42 4 Softmax function:

= Class 7=, x; =1 W classO| output layer

F2] 4o EHHE FEZODPDS class MFTE SEEER ) oo F7F i A3

AAld 4. WE3tE cfDNAS o] &3t ALEH <= 7|8k GC plote] APRAMEF Hejd 2 75 5 A5 &9l

8 AE (0=186)3 AARAEFT BE (n=57) & ©]&3f DPI @] HeS HZE a3tk BE BE2 Train,
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[0224]

[0225]

[0226]

[0227]

[0229]
[0230]

[0231]

[0232]

[0233]

[0234]
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Validation, Test ZH o= ¥ F3Yg) Train AEZS |83} modeld T3+ t}S Validation L& %
]

A=! =
Test 139 MEE °]&3A, Train ’;E%% o] g3l wh= EEle s U

721
Normal Neuroblastoma Total
Train 130 39 169
Valid 28 9 37
Test 28 9 37
Total 186 57 243

IO A, F 2, = 3 2 4o 71A% wpe} #Zo], Accuracy ¥ Train, Valid, Test L&A z+zF 100 %, 92%,
94.1 %21 AL 313t dar, ROC B4 Al AUC e Train, Valid, Test L&olA Z+ZzF 1.0, 0.95, 0.99¢!

T 3& Zéé‘fln:_% ZA3= W 3 ROC(Receiver Operating Characteristic) curve & @83 EAo=za HAH

° 31 AUC(Area Under the Curve) ol =8 5 AUt Era 3H"*5ﬂ-\3‘r. AUC %2 0-1 A}o]
, Ado = FolE #HE AS5PE ul (baseline) 7|th=+= AUC #kol 0.5, &3] HEsiA o=
S w 7 == AUC Fhel 1o]t).

o] $& FEFPI ¢S A MEH} ABEAEE A& 25

PI cutoff¢l 0.5 vepdlitt.

)
2
o
k2

* 2
Accuracy AUC
Train 98.8% 1.0
Valid 94..6% 0.95
Test 94 .6% 0.94

AAle] 5. cfDNAE ©]-&% ANTHA 5= 7|8k GC plotd] AARAEZE Hejd Bl 75 9 X5 2l

5-1. @olo]x DNAE FEto], A 71D #4] 5

Aol 1867 L AARMEZF A} 5759 e IOmL’*‘ AN F 3] EDTA Tubeoll B#s}glow, aFH F 243
oJtlell 1200g, 4CEo] Zdow I FEY 13 JAEYS 2, 13 dAEgH 42 16000g, 4THES %=
Aow 22k AAEe st IHd=S Al % o‘%%‘% sk, welel FAel el Tiangenmicro DNA

kit (Tiangen)S A}F&3}o] cell-free DNAS F%3}al, MGIEasy cell-free DNA library prep set kit & AF&3}

o] library preparation #3& 43 3+ thS, DNBseq G400 FH] (MGI) & 100 base Paired end EZ=

sequencing 3F{TF. 2 A3}, MEZ o oF 170 million N9 reads7} AAEE AL &l 1},

fu rﬂ

5-2. feld B9 P& 9 Awse

A AL (0=186) 7 A AEMEFT ME (n=57) & |83 DPI #t9) AHeS HEE 33ttt B AEL Train,
Validation, Test ZH o2 Yy HsYFP i, Train BEZZS °o|&3}9 modeld TF3%+ ¢} Validation 1HF %

=
Test 1559 &S ol&3lA, Train AEE o]&&f whs ZHo Aog A3l

7z 3
Normal Neuroblastoma Total
Train 130 39 169
Valid 28 9 37
Test 28 9 37
Total 186 57 243
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5

ol Z+z+ 0.98, 0.98,

=

=

=
=

0.98
0.98

Valid, Test ZEolA 22t 92.9 %,
0.95

AUC

Train,
Train, Valid, Test L

L

L

o

L.

¥ 4
92.9%
97.3%
94.6%

Accuracy

Accuracy

7o) 1A wie} ol
, ROC ¥4 ZA321 AUC 3k

wul
=

6
Train
Valid
Test

[0235]
[0236]
[0237]

o]

™

aa
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FEE dlojy A=|El =
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GC (Grand Canyon) plot ‘44

v

CNN (Convolution Neural Network)
s

|

Deep Probability Index (DPI) A4t

|

Cancer ({2 3 type HIF
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