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47 A= DNA(DeoxyriboNucleic Acid) <=2F¢] dojubd DNA 57 A S Jdl 48 HF30}. ds5d A=
3} 4= (Homologous recombination repair, HRR)& DNAQ] o]F 7}e+e E33t= 7]Holth. As Azxgd 23
(Homologous recombination deficiency, HRD)S BRCA1 @ BRAC2¢] AMAMEZ/BAMEI G2 Wo], BRCAL A=}
of 2wy Wes, HF AR A2 A 2 {FHAAEL wolZ WA,

HRDE T4, 79, A48y, APAY SolA T Ao, s A=
PARP (poly ADP ribose polymerase) AAl Aol sotA|7} AHg4 4= ).
HRD $18AS Hrlsle AF7F 75 k. hgd o=z 44 EaAA A4 (Genomic Instability Score,
GIS)7F A4y Bdste feoido] =2 Xxetn H7ksa Aok, oAd, dAade] As 54 14 A (Y
g9, &etutg)E o= Al myChoice® ek 71EZ ZAAMSE GIS7) 424 o)A A9 FoE s &l
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GISv= frdA EX8AES Yehle 724 o3& AY H7t Ao|ry. dvkxoF GIS= (i) A7|7F 15Mb B
t} 2 LOH(Loss Of Heterozygosity) 992 zte AAA ek o 9 (subchromosomal regions)®] 7H4=, (ii) &
oJ%= 10Mb =719 =W << (flanking region) AFo]l®] AMA Het(chromosomal breaks)?] 7§4=(large scale
state transitions, LST) 2 (iii) NtAL(allelic imbalance extending to the telomeres)E 2z AAA] =k
FA9 AMFE FHASR Hrie AFRE ke glolvh. waEbA, GIS AR J[EAH o= NP (Single
Nucleotide Polymorphism) oj@lo] = WGS(whole-genome sequencing) A& AEFHE FHA HBA4=(copy
number) ©lo|E|7} Q@ 3}c},
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BEE EHOR Aok it ANE AU 5 dnh AAE RHOR A, BB, 4%, VAE 5% T
s ouloleh, thek, osh Aol MEE e vhgo drkm A4t AEES B g AANA
A5 ARE ED & Ao vk, AES A, A 25, A AZ WY S 2L AuE TS
o.

NGS(Next Generation Sequencing) 7|WFe] F4A 48 Ao FdA] HES EAsle] EH g WHol ¢
, read) B2 Wi, 7o) 7] A4

BEES Fdsk= 7ot NS #42 FdAE el B2 24 (EE
& Fete] FAAE simshs IWolth. NGS 4 FAA AEA, FAA We] AE SOl 28dr.

WGS= F33} 99 (coding region)} H|F53} 99 (noncoding region)S ¥ 3Hsle] #A FH4A MES £43
= 7|Woltl. WGS:= SNP(Single Nucleotide Polymorphism), ZF<> INDEL(Insertion & Deletion), CNV(Copy
number variant), SV(Splicing variant), @U|§-4=a] E<oF4A (MicroSatellite Instability, MSI)3} #& W

ol FAT & AU,

WESE WA Rasl (el dd fAA AD B4 JMelth elEe Al FAA 26e] o]z
WES7F WGSETH 24 ol wlelEge] A FAI4elt,

ol3} EAAX = A FAAIF AT FAA dolEE At g RH (I s AR A¥ #E AR
Z AEdda A9t BAEAE AFEH ZA, PC, AvtEZY], UE IS M S o] tgdt G
2 Fdd 4 9tk Yok, BAFXE AlEAY FAXNNGS FuD) e A EHAY dAger +dE & Q).

A7 F4A4 dolHE Heshs dubAe ZREF dste] ekl AWat. BRI E AR ZA
7 A3k FASTQ #+d-& fgwbe=th. FASIQe 579 #l= Z4zbe] digh 2EzH(ID), 97] A4 2 =9 #4
ARE ¥FstE Fdo|t}h, BAFE AZ9) FASTQO ¥ge f=F Q7 An X 9714 E(hgd3d) S 71+2
2 s, BAAAE Aligner L2213 (Burrow-Wheeler Aligner, bwa)g AM&3le] AZo] NE9S Fx <

Ju)
ki

H
71 gl wl=g3}e] BAM(binary alignment/map)S A4t AR = Yy A9 ®o] Wl
Allele Fractions) ¥ilglE<S &3l AEdA HolE AT 4= U},

olsh MHat A1we gAY 4E AEF AN AFehe ol

(VAF, Variant

¢

G A A Adsd vkek o] FAA &t

P Ax=E JUrE & Ao, FAA 29A EE Uxd
© 2 (GIS(genomic instability score)’F tl. o]d} AW3sl= 7]&2 WES HlolHE 7|£o2 FAA4 BoAA
AEE AEY 5 vk, Ee od) AWste Ve FAA EQMEA ARE Ve R HrtEE o AEH A

A7) gejel viE AuE AET 5 vk,

ofst ek JlEe Surnde ol gdtel e 4% AxT 2L AST + Ak,

ShER e 717 8t (machine learning) 22 vt} ks R tdst f3o] REdES x5st= 9n
olt}. oA, <5 Rde AA Eg, WY EY2E(random forest), XGBoost(eXtreme Gradient Boosting),

LIghtGBM(Light Gradient Boosting Machine), CatBoost(Categorical Boosting), KNN(K-nearest neighbor), 4
o]H w|o]=(Naive Bayes), SVM(support vector machine), ¢1-&217d % (artificial neural network) 5©°| UT}.
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AFANAEES e AATS 2s FAE4 g% dugFelry. e AAW mdo] ATy vy, HE
gy A= (input layer)¥} =ZZ(out

A7 % (deep learning network, DNN)o] F&Eukir T}, DNN2 put
layer) Alolol o8 71e] &Y% (hidden layer)EZ O]HZ JAFAAY Zdlo|t}, DN dukQl Q1344 3}
w7k 2 B3 )48 37 (non-linear relationship) 52 EE#H s 4= glvl. DNNS thakst F3 o mdo]
AFEATE. oA, CNN(Convolutional Neural Network), RNN(Recurrent Neural Network), RBM(Restricted
Boltzmann Machine), DBN(Deep Belief Network), GAN(Generative Adversarial Network), RL(Relation
Networks) &°] Slt}.

T 18 giaAke] AE AxF A4S d3skE AJ2R100)0 tEF dejtk. = 104 B2 (130, 140, 150)
7b didAbe] b AxFE AN odRE S Ulx FAST. = 1A B3RS AW (130) 2 FAFE 9
(140, 150) ez Z=A)e3ict. 33, 22172](130, 140, 150)= vkt dejz 7+dd & 9}

Al FA(110)= oidAte] AES BAete] fA Al vlolElE APSTE. 74 oA T 34
T Ak, A A (110) = At &S BAete] WES dolEE At fAA AEA X (110)= A
A3 FAA AP dlolElS M=) DB(ulolElHlolx, 120)0] AAE Fx vk f-1A AEA AR (110)=
AMES B8 F1A AP dolE (FASTQ) S AT 4= 9l

A (130)E AlE4 24X (110) = DB(120)ZHE thiaate] &A=} f\l A7 dolE (FASTQE 418 5 9
A (130) = tdAke] WES dlolElE Ve e AxF A¥ o 1%% 4 k. (1) AW (130) & WES
doleell A 9= FAHvEES FE2T F Atk 9714 9E quE}UIEiaL Hol ArZ ¥ & Q). (ii)
A (130) = 99 AB}HIHE% Aol ﬂ#% s 3t AW (130)E SHEde] ¥ e 7

Toz e AxF AF oAFE 495

&
Azxg Agol dig o) = SENe]
do T RS A% 14 FdA Fo ool dig o) BF AHR(F FH EE HFH)I B2 HHE
Zgd = b, AFEAH(10)E AREAF BE(PC, APPEE 5)E Tl v (130)9] HEaste], A (130)7F 3
3 B Ans ged 4 g
AFE @ (14002 A8 A (110) E+= DB(120)2FE didxte] fx A8 dlolH(FASTQ)E 4T 4
Ak, AFE ©H(140)S thAAFS] WES HlolHE 7|Fo g A% A2d AF oJHE o238 £ u), (i) A
B ©(140)2 WES dlolEelA 8 A HES 53 4 Jrt. 9714 4F dEuEES Wo] ARE X
e 4 ok (1) #AFH @$2(140)2 48 I HES ARdY] dgE shgRde e, AFH g
(140)2 stxmdo] e ghs 7To2 e AZY 43 935 d5d & Atk AR (20) = AHAle] A

=
$he AT BL(L0)S F B4 A9 FAF & Ao,

AA(110)014 ABE e oAkl 4 A8 dHolB (FASTQ)E A Al

U ASFEH EE(150)2 didAke] WES HolHE Tleew e A

T(150)2 WES dlolEfell A 1 setrEEas F58 vk, o7

L3 vk, (i) AFE 9E(150)S 48 e EES Abded ghad

"'ﬂ%E%% ?J%‘?‘&E‘r. HAFE G (150)2 Shgnde] E¥dts #s VTR e AXH A ANFE A5
Al =

AFE S0 B B A FAT 5 Ao,

HRD & EZeloletal g+ ek

T8 B TUA Fo FH AR T Holx sy 5 9l

A7AE HAFH ZAE o8&kl HRD F8 2 7HI3h. olst g% HAS TS HAFH FAE S
FA e gt

ATAHE HRD 52 RPE XGBoost, LightGBM, CatBoost, WY X#~EE o] &3t XGBoostE Ed] 7]4ke]
e 7Igeltt. ArAbs ol FolBHE o] &t SGFEES THSIY. =&, HRD FE 22 tE
T g R, Jed Rd)EE 752§ odd
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WA g deoly FEF A Ay
(200)¢] do]t},

AT A= TCGA(The Cancer Genome Atlas) Hlo|B|E &-&3klvh. A2k TCGAS A HRD7F RIWSHA g ghekar
A FF (I TP deolHE &t A= TCeANA b (TCGA-BRCA Z2AE), Ttagh
(TCGA-OV Z=2AE) Ayt (TCGA-PRAD Z=2AE) 2 FJ9k (TCGA-PAAD Z2ZAE) dHoHE FEF3cH
(210). Z} dlolE AE& WS dwlole 2t WES AlE7d dHlolH 2 ¥},

rot

%g 9

=
&
zly
=
2
ki
i
i
e
ol
o
rir
i)
o

th. & 25 HRD & R4

£

ATAHE TCGASN A WGS dlole] = WES dlolg7} 25 EAjsks 29 dolEE o]&aith (x4 1). s

= TCGAS] A T dlolE T Y AEo diste] W6S wlolEl e}t WES HlelE 7} % EAsHEA s
5 o thate] WGS dlole % WES dlolE 5 o= shint Sl dlolHE 3

AAE Y AMZd thste] WGS wlolE = WES HeolE7} BF EAstE 22870 A4 dHolH

FHd Ao A MSI(Microsatellite instability) =<} HRD ®A49 o @AY 887 bl Jh(Jan
Budczies et al., Homologous recombination deficiency 1is inversely correlated with microsatellite
instability and identifies immunologically cold tumors in most cancer types, J Pathol Clin Res, 2022
Jul,8(4),371-382p.). webA, Ag2bs dvFFA EQbdAel & HolHE AA(ZHE obx)siivh(x1
2). FIHEFAE NI A7E ARk oSl dHiolHE g5 dolHelA AAGH. dA7Ae FH AT A
(Beifang Niu et al., MSIsensor: microsatellite instability detection using paired tumor-normal
sequence data, Bioinformatics, 2014 Apr 1, 30(7): 1015-1016.)] A3t AAZLS 3.52 AAsir). &
F4A7 A dlolEellA MST A7 3.55 Z3sh= vlolH7b A=A SIgrR(230). TCGANA x=71 15 W
3 "ol & MSI A47F 3.58 28t HolHe gidth. weba], HEH sk delE & 228719 dlo]
HE 4.

g, MSI 58 A2 ES O] EMSIsensor)s o]-&ste] 4] tid WE(TF AxE)H B3 Axe As AlEd
dglolg nlm3dle] A" 4 dr). SEHAANE AZEYO E(9AY, Beifang Niu et al., MSIsensor:
microsatellite instability detection using paired tumor-normal sequence data, Bioinformatics, 2014 Apr
1, 30(7): 1015-1016.)& o]&3td MSI FF& YeEh= MSI A4S A& 5 vk, sld A7 (MSIsensor) =
MSI 12 7%- MSI <=7} 3.58 ¢t} Avta Hrfatqict,

= 32 HRD & mHe] 3k 3l AT g (300)0] ek oojtt.

At 20 A9E 239 HEeE fE volHE AMATH(310). SEAAL TCGA DBlA AW
WES WelHE AMa 4 itk SHEgAE F& dolHel £ AES oty deolds 4F delHm FrY &
A, ol B dlolE L PF dolE AZE WES HlelHE g F k. AFAE 228709 HlelEelA
18242 8% dlolEE 8% dolgE FRaNT, A 467 HES FL AF ol Fratan.

Q

SadAs fE dHolHE FAEshs S5 W6 HolHE VIseR A B AxE AEE 5+ du
(320). ol A =RPEA AFE= GIS Aed 5 Ak WS 7Ivte= &g 44 =g Axe S

H4 B AT Aol ol gk e (Ehagh) el sddit.
SHARE S HolHE o83 IRD 2 249 358 53erh(330).

st dlold & A dolHE hEE A dA @ 99 e s, SedAs os
) I, e dolg e Aude] FE)E e Hevy
1 setE e Agsed 8w dolEE ek ool
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¥ 1
e EBEE el HAACEE 4R)
) AAE ZeAwo] vlole]  |BRCAL, BRCA2, ATM, ATR, BARD1, BLM, BRIP1, C(DKIZ2,

(Somatic mutation) CHEK1, CHEK2, FANCA, FANCC, FANCD2, FANCE, FANCF,
FANCI, FANCL, FANCM, MRE11A (MRE11), NBN, PALB2, RAD50,
RAD51, RAD51L1 (RAD51B), RAD51C, RAD5IL3 (RAD51D),
RAD52, RAD54L, RPA1, PTEN, CCNE1, Cllorf30 (EMSY),
CDH1, PALB2, TP53, CDKN2A, MLHI, MSH2, MSH6, PMS2,
EPCAM, NF1, STK11, TP53BP1, TOP3A (HA 457 HAAE)

2 A2 A Eodo] dlolg |BRCAL, BRCA2, ATM, ATR, BARDI, BLM, BRIP1, CDK12,
CHEK1, CHEK2, FANCA, FANCC, FANCD2, FANCE, FANCF,
FANCI, FANCL, FANCM, MRE11A (MRE11), NBN, PALB2, RAD50,
RAD51, RAD51L1 (RAD51B), RAD5IC, RAD5IL3 (RAD51D),
RAD52, RAD54L, RPA1, PTEN, CCNE1, Cllorf30 (EMSY),
CDH1, PALB2, TP53, CDKN2A, MLH1, MSH2, MSH6, PMS2,
EPCAM, NF1, STK11, TP53BP1, TOP3A (A A 4578 HAAE)

3 MSI ©lolg hMSH2, hMLH1, PMS1, PMS2, hMSH6.12, 13, 14

4 A ®Wo] volH CNV 4] A= by HA| ¥

(Germline mutation)

AFAL s dolEolA 58 dolH FBe %S WD F& wdlo] Il gHelA ghn, AR FESL
4R Bk Az AbEe ¥ 9 seblgE dgd. ok ® 2t ATA} AER 9 shebg g
eflolt.

dolH 3 b
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