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1. S3%Y 39
O ESAF

gh=Ql WolA xR F dlolH = gl dukyt B AR Je] Al A EAlske 997
M o](SNV: Single Nucleotide Variant)d B2 G443ty ©d7] WHold tfst S-S =l ¢
vt B AT Jdo Ao AlE Ao 9] Wol 2 O ol RER ST 1). 99V W

=
ol @71E #H¥sk= ATGCE ®7]8tH Wolo] HlE= 0-1 Afolo] Az R7]3th

SAH £7]
7] wWol AT,G,C 97
G 7] Holo] Hln 0-1 A4 [0.1234]

7t e AeR 7H7H 19] X= ApolE W= dloln, Ji9lat 7i]

SNVEr 3 7o 7] 7F9]
DNAel| &x13F+= 3+ 97]%(single base-pair variation)2] zFe]= DNA sequence THEA i
L f'e) ‘-_/q

A 7HE Bol EAlskeE dHolth 17te] A% diEF 1,000 bpell 171 SNV7F EAjghehar &
A o, QFIH & gty ojH Y ¢ ¥& WolE 7Hd Ao R FAsta gtk o
2 AFe &2 A oA SNV7F EzEvet=s - ol el thH+dAkallele)o] W=
(frequency)s= ©HEA YEtH, o] A& Q1Fo] 74 = a9 5748 FA(trait) @ #&do] U1,
2], W] Zpol= 1F b W ofe, AR Fukd} ARl oA E ApolE Ho|7] wiE

Hf
RN
irl

o AWy AHY = HEH o2 AI(association)o] YTt 1HEE, EA 01?7“4 ol A 2]
HA- A2 Q1% (allele frequency)E AlAtels A2 SNV 2=3) 87 Q43 de] 54, A3 v}
A HF o wl$ =93t HZE 100043 ZEAE(1000 Genomes Project) [3]= &3
et el vl A AEAIRE (whole genome sequencing) 237 7R L §lof, 15

o)
HolA W=y gyFdat v=7F ALt 7Hs sl A

4 dlole ¢t A /e ohdst ddolgE dolguo] ~8) o
HodE 9 AX a‘z—o]@‘l Hol 5 e = St ARk, o9 T ZA|l AAAAS TF v
S Q1F9] AFAwAD(whole genome sequence)d|oE}7} AAFE ARG 7} AEZHE HH O
ol¥] ArteFo]l A Almel oF 2~6uF FrolBE RIESTE e wHold tisiM s ATt @
oA e AAelth ol olf= AWyH v AL SNP array 7|WHe] A w A
A (GWAS: Genome-Wide Association Study)®] A¥}=25E gHE RS HI7HA] F2 &3

Attt GWASE &3 2=y vA+= gHAAFATFA(NHGRE National Human Genome

HEN=OOIHME
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Rl

Research Institute) GWAS catalogE 3| #A7HA % 11,5557 A7} F7/0EH L <l

ol AW AfAor JaFs T4 ¥ P A (Gndirect) whA oItk o241 R wE,
‘Linkage Disequilibrium(LD) block” @l AsA#A o] A= 43 (genotype A

T, 54 AWy dad d9dr] Wol ZA el mAE s 5 (fine mapping) & & A FoEM A
B AvkE AR A (direct) FAAE FHsE ATE FHE 7 doH, ofF A= AAY
A714<d = (NGS: Next Generation Sequencing) 7]HS o]83F ¥I=¥H A% 55 (whole
genome)ol] 3k dolE 7} STt agE R daele] wely] Wo] wlk(allele frequency)?)

-
EFES BBl o2 JEAn BEete ol FREF] A4 A olth

Eo
M

O 71d &-8§ &oF

H Awel ARl fFddelE w=sly] fgh dAAEATEA o] e MY EHA ALHEE]
@l 7] WMol t}g A (SNP: Single Nucleotide Polymorphism)ol] thal #Alo] molxar it} A}
A AlEA 24 (NGS: Next Generation sequencing) 7149 @e=z & A7t} AH| o=
AAA =8l 5 (whole genome sequencing) % F41o] 7}5sixHA NGS 7|wHe] GWAS -7}

shits Attt A MAIF o= ALkE A=l dlolE (¢, 1000 genome project)s TFFSH

v

ot

AFe 71 ¥ 5SS wel=d &8 2 5 ok oA HeolHe AT|7F AAWEA, dF/US
HoTdr] Wele] Zpoloelgl AW A1, ofE WheA To| REE Aolrh WEke] AaL it} o

e Ayt =l @d7] 934 dHolHE Ntew 3 npole 4ol e VU 4 3l
G, v, AFRE T mpole HiHloly XM= NGS 7]Hke] il e HigolHE
THToRA Al A 24 % dSdd 28 FTolth HT fYuets “=rF $F wio]e Y
doly F+5A S $8f 100w 9] =l #d4 75 i8S AT cvErdd=AE S
RIS Ql7] wiEol jh=r]l g delell dhdl

Ho=zH, sty vk o 8H(precision medicine)=
7] Wol g S8 %== o FolX A HAh

2. 7124 & 491 A3 (RB) F2
) Ml ATADA EE WAANA, BRI AUEE 271 91
g3he Mol ATHE PN AEHT ALHoR olF HAFORM YAl F

2% REs) A AB/H Wel SPHoE MAsHE Fue

e o

o o

HEN=OOIHME
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GRC ABAE A

= ot g1, =
HAAEEYY A9x A1 4=), AEASAFALM e w24, kA

B3, Tl AWA, i AR B3 fF B Ao el st Aater)ee] AT

A = ool I AMG(E YR A9x A 7}

3 71l A getoj A= AW Aerlee] AT, Y e

TlE Asi7E LA AY LD ST = Adols AAl flol 71393

Aeetes ota, 1 ARE BAEAFAT A Balstoop dop(AE &Y A9x Al3).

~
o%
N
N
folr
o ¢
>,
Lo
ot
=
&
folr
Lo
N
i
Lo
o3
rlo
2 of

3. 4zt & A8 R

ol Al Z 2 A E(KPGP: Korean Personal Genome Project)® 3¢l &A% dolg T
& A8 AYH = Awsls Z2AER, 200610 AA HEZ AFE AJAAFZE A E(PGP:
Personal Genome Project)®} &5d4E FR ¥ vl KPGPY #odzl= 100% Apabz o

et dA w5 S o)kl eA Fdetal, 284 @2 dFols 249 H7kE AR

Sholvb Al 2 2 A E(K10K; Korea 10k Genome Project): 3+=+¢l 1 W HS Ao =
= Qulx HgolHE FHeuA e TRAEZHN, o5 FI AwF 7
Ho=z sta . SAFGA, AT |Ed, s u Y TR
o

B
o KPGPe mla7kA 2 PGPeI: @ =#Hstar ).

[\l
(@}
—
o1
r 9
>,
£
o

FERET 5w WolAl deoly Aite] AREE ARk EES KPGP HE+ K10Ke| Fojztz
AEAR I o A5 ggoz dvh x2S vdd BAe oz, o T g7
AdAZe] AEo] gl AE o R ste], Ao, AW, vrolo] Ardtgle]l TR Mgt o,
A d A= Al ) gt

KPGPE 2 Alabazjol e Alw &1 Ak &%, dol ¥4 +a8 KI0K: A4 A4
gt weE AR R 2 s AE5S ST o] 9o mrAEzRHE A% folHE 4
gato] AT, @l WolA dolE Ade @ ATere Py 44 2 ARG} E

A H7t 7)Ee FEete AES AEste] gret, KPGP % KIOK ZZAE o] 9]
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Spectrophotometer

Qubit Fluorometric Quantification

Thermo Fisher Scientific

Electrophoresis Power Supplies
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712 A /A1 A /7] A ZAF 4 =
Infinite F200 Tecan
NanoDrop Thermo Fisher Scientific
Epoch Microplate )
BioTek NE EADY

QuantStudio 6
QuantStudio 7 pro

Applied Biosystems

Horizontal Electrophoresis Systems Bio~Rad
Covaris S2 Covaris =el %ii@ﬂﬁ Al
Mastercycler® nexus Eppendorf
T100 Thermal Cycler Bio-Rad glol B g A=+
AlllnOneCycler™ Bioneer
LightCycler® 480II Roche

Agilent 2100 Bioanalyzer shojreje] e
Agilent
4200 TapeStation system
Qubit Fluorometric Quantification | Thermo Fisher Scientific

HiSeq™ 2000, HiSeq™ 2500 )
) ™ ) ™ [llumina

HiSeq™ 4000, HiSeq X™ Ten ol 7] 3] =
BGISEQ-500, MGISEQ-T7 MGI

A1

pul o

o Waw

HEN=OOIHME
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3 = 7] Max. Output Max. Reads Per Run | Max. Read Length
HiSeq™ 2000 200 Gb 2 billion 2 X 100 bp
HiSeq™ 2500 1000 Gb 4 billion 2 X 150 bp
HiSeq™ 4000 1500 Gb 5 billion 2 X 150 bp
HISeq™ X Ten 1800 Gb 6 billion 2 X 150 bp
BGISEQ-500 520 Gb 2.6 billion 2 X 100 bp
MGISEQ-T7 1.5 Th 5 billion 2 X 150 bp

* HiSeq™ 25002 High-Output ModeE 7|Fo = &

¥ 4. A% 57 H A

Germline Mol $3& 9lstol, dol mi= elole] DNAZ AAste] ¥4 olgata, HE A
Ay, DNA $29Y 52 71sdt 4% AFEe a4 gdd S5e a9

BD Vacutainer / 13 mm * 75 mm / EDTA FH A&
DNA F= W9 (QlAamp DNA Blood Mini Kit)

HEN=OOIHME
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QlAamp Spin Procedure QlAamp Vacuvum Procedure
Sample Sample

S—=
Wash
(Buffer AW 1) :
=N

Wash
(Buffer AW2)

Vu:;uru m
T

T
% Elute E
i N
—-_— “ﬁ
i

a9 1. DNA & A4

QIAamp DNA Blood Mini Kit2 whole blood, plasma, serum, buffy coat, bone marrow,
other body fluids, lymphocytes, cultured cells, tissue®]*] genomic, viral, mitochondrial
DNAS ¥3sdh= 2= DNAS F28 o 3tk o 50 Kb =774+ 287 7heshy i
20~30 kb Ato]== Zeixl DNAS©] &€ttt DNA #2] #42 oot 2.

1) 1.5 mL tube°l] proteinase K= 40 pL9} RNase A 8 plLg& Y1 AMEEH, eSS 400

L\ﬁ};

2) Dol lysis buffer 21 AL buffer 400 ulL.g Y1 15%7F & o]st}.

HEN=OOIHME
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3) 56 ColA 1087 ¥+-2-3Fa spin down 3+c},

4) 100% oler2 400 plLs 911 2 Ao+ tS QIAamp Mini spin columnel] =71t}

5) ¥744 21 13,500 rpmol A 187t 94 E] g

6) columne A collection tube°] %713 600 pl Buffer AW1S Y32 13,500 rpmol A 18
Al gk

7) columne A collection tube°l] %713 600 pl Buffer AW2E ¥ 3. 13,500 rpmol A 3&
A gk

8) M-S Wil 13,500 rpmoll A 187F LA &2 sk},

9) columng A} 1.5 pL tubeol i713_’ Buffer AE &2 E¢4d SHFTE 40 L ¥+

10) Ao Al 587F incubationdt & 13,500 rpmollA] 187 GAEg s}

7. A5 A 9 AF B4 WU
DNAE grsta, g4 9 AZFEHAA A 7]&=x] o|dd 7
o

genome sequencing)< 3o ¥4 A} o FE HU3 =Y

F4=(260/280 ratio, 260/230 ratio) A A7|HHE 7|F=ow 3§

U 53 A2 71718 ARESH, 717] Al 2ARY] Trel=ekjlel] whEl xldstal, 3= 260/280
1.7~2.0, 260/230 ratio’} 1.5 o] T ojof 3t} A7|H9F5L 0.7% agarose geld] 30

ng A¥.9 Lambda DNA/Hindlll #}A % $ 29 ¥ 54 288 Aol onxg &)
sto], A719s A tha3 ol 23 Kb #1A19] WE=YF FElskA Hole AIgE A3t (1d

HEN=OOIHME
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b Mmindn. 1 2 3
waler 2 . —

25 20
9416
B5SET
A3E1*
2azg
SOZT

hui
f 4

AMEe AEFeHers dFens SATY. ddsE 542 double-strand DNAS| &
e k

ite ARgatel AzAbe] shol=ebele] met AAse], YPsn

8. = ©loly A

ZFAI AlEd (NGS: Next Generation Sequencing) 7]&<S ©]838le] =219 HAAAF
(whole genome)el ti3t sjelo]el& Qarateh, gule] A=A W AF = Aol uet 3
SuolEE ASES v, ¥ A AAAelE Numinait st MGLite] &5 HaE W7]ea

o}

8.1 24 A7 3=~

AAY A7AND =71 ARAE(whole genome)®] 9ol AV|ElE stozA A A
oo HolAE S & Q= AU EA, 0.2~10 KbZhA el t}ekd DNA insert® 7FA
paired-end =9 gl @71 Ge =0 758,

HEN=OOIHME
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Performance High Output
Parameter Mode
Read length (bp) 2 x 100
~600
~11 days
Bases > Q30 > 80%
Reads passing filter > 90%
Number of flow cells 2
L Lanes/flow cell 8
E Cluster generation cBot

Z1%) 3. Tllumina HiSeq2000 *H]

MGISEQ-T7

3 5. [llumina HiSeq2000

Ultra High-throughput Sequencer

ol e AFE

b W20 FEsH| ciEZ2 HolHE

o o—

60 2| Human Whole genome sequencing (30x) otF L 24 7
47} Flow cellg A = SEA 2E0| 2tsthH 27 294 2 &

19 4 DNBSEQ-T7 #H]

8.2 A =< 938 DNA #holBelg] A2 (lumina 3)=44)

Bitehe EOiY AL AN

=
=

1 DAY

4 FC

6Th

4% 15T output

2 85%

Q30

PE150

Maxread length

HEN=OOIHME
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Purified Genomic DNA

Fragment Genomic DNA

Fragments of less than
800 bp

Repair ends

Blunt ended fragments with
5'- phosphorylated ends

Add an ‘A’ to the 3" ends
3'-dA overhang
Ligate adapters
Adapter-modified ends
Purify ligation product
Removal of unligated adapters
PCR

Genomic DNA library

o 5. golBel Y A% At

Resequencing 913 ol 8] A zS Yair] AA|¥ genomic DNA 1~5 pgg Covaris®
o] &3l ©HIAZl H, BioAnalyzer 210022 ©H3t mA7]E Rty A7|E &2l &
TruSeq DNA Sample preparation kitS ©]83le] #olBH#gE weET, #olB 2= end
repairs 83F1l, AMPure bead® A A3t} End repair®l DNAQ] 3'Utho] AS Eo]al DNA
ligation A]Z~HBlS o]&3ste] AlPA ofWEES DNAo| ligation AlZIt}. 2% agarose gel, 1X
TAE, 120 V& #7|9d%3% 5 5% 3719 WM=E Zehlo] QIAGEN Minelute gel Extraction
Kit® A A gt} Adaptor-ligated DNAY PCRel| 9lsle] 2% F AA| = o] lo]lB g =2
ArE Fdgn. FEHAAE F3E golBd = oPCRe F3

gl HAF Fej2HE FHT F Db BE BHEL 5450

R8s

A 2t 4%, A
A7) 8) Zol] AL-gHT).
8.3 Alx 97]el%= (Ilumina 35 7%H])

golu ] FHAAAE T3S ol s FYH2H A4S H8tY cBot7]7]1E o] &35t &
HAHZE At dAo] FRHW, A7) E A 2kl SBS kitE YdtE A7)sE Aol Fo wi=

FrE Srldd ad gs 47 fdvlslE Aok f47IME dls7] (HiSeq 2000, HiSeq

HEN=OOIHME
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2500, & HiSeq 4000) W19 Al X 29t FH 27 FAE flow cellE 7]7] W)
o YA A171 &, reagent delivery checkE 4=33}¢] Fluidic systemo] &+A417} 155 &el3tt}.
Fluidic system B4 4%, 978158 233t} Read 1 dH50] £HEM, Read 25 93 A
ofs AAstal VIME dlEs AlE gt BakE f7lElE dlol¥+= llluminarh®] pipeline

I 23l CASAVA 1.8.25 o] &3to] EFAAALS S35t}

8.4 A4 52 91 DNA gholBefg] Az (MGI 3 =)

DNAE ©W¥#HS 100 bp~1000 bpz %7+3} 3&lal, BeadE AF83] Paired-End 100 E+&=
Paired-End 150 #tolBH.8jg] AZro] 7}s3dt== 300 bp~500 bp=E size selections Z13§3hc},
Agilent 2100 Bioanalyzer® A ®% gDNA?Q sizeE 3}2l3}al Qubit dsDNA HS Assay kit®=
FEE =A% 3 Hdd®E DNA ©HE repairdte] blunt end® 9HE11, 37 debo] dATPE £
=0 283 dTTP tailed AJHEHE DNA @ o] A3t flow celll hybridization 2
A=ES A gt} Adapters} ligation® product® PCRE o] &3] T3FA|Zth HF PCR A=
=7]& Agilent 2100 Bioanalyzer ©]-83}o] €213}3L, Qubit dsDNA HS Assay kito.2 % =
A % 1 pmol PCR productd] a9 %+= Mass (ng)E AAFst}. 1pmol PCR product®
heat—-denature Al# &AW single-strand moleculeE DNA ligase® AZAA]7]a1 Hold+=

linear molecule< exonuclease® digest A|# T},

8.5 Al A71el= (MG 8 =7H))

DNA nano ball AZFE 93] 40 fmol®] single-strand circular DNA libraryE primer
hybridization A]7]3L, DNB Enzyme (Phi29)& ©]&3% RCA (Rolling Circle Amplification)E
1587 83 & Qubit ssDNA Assay kitoZ library %2 =43t} Pooling®d MZEeo
concentration reciprocal® A, Hu gk 2 400/H #£3Q] Parameter BE AXbslo], 2+ AME
] pooling volumeE ¢ttt DNB Rapid Reagent kitel 1= DNB Load Buffer 17} IIII
o]€3] DNB loading MixE& <=H|gtt}. MGIDL-7°l flow cell ¥} DNB loader? HlZE=E <l
Al 714 #2Fshar, 28] % DNB loading MixE DNB tube holed] ¥ % Flow cell loading
AlZFelt). Sequencing Cartridge®t Washing cartridgeES DNBSEQ-T7RSe| #&3a DNB

loading®] ¢5% flows Q1AAA sequencings %8 shry,

o 1> i

0. A8 A% FolEY F7
AW FTRE =R Eio /Y = dolgaiE SFravl () A 2 AR}

HEN=OOIHME
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i HolHE tdo® sho], i Ee] SNP F Hlo]
ek 2o dairs E4 =il g ZEE 7|53

rr

A
.

NEA o B B

H7b @ 3lE 2Ee 7

roh
Job oy

10. WolA| Hlo|g AYit

ChAf
[fastq)
v

T E HA 2

+

T O

MITO HEFEAEOL) 0§ E PCR duplication |4
bwa 0.7.17, Picard 2.20.3 |™) Picard 2.20.3
¥
Base recalibration
GATK 4.1.3.0

t
/ BAM file /
4

HO|A| CIlOlE] RI=

oM 7EE 23 + MOl L= s HoH

GATK 4.1.3.0 H &
v

BHO|H allele 7l 554

T ELEEE + ”SanmL:“ A

s3T5

2 6 WolA Holy Ak 418 A (hg38) A=

HEN=OOIHME
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HolAl deole] AME HsiAE A, d=T7IACdA AskE dAF(short read)] w3
(mapping), BolA] W=, WolA| annotation®] Al 7FA] #A o] FQa et o] AL gl Unt
T A Je BRI AgEn A AwEEEAYD he38 WHdo] A4 3]
(GRC-MP-010)-E] &= o] d o] A A AA (GRC-MP-009)9} th2A @d7]|eF 4l aas F3tat
HolA| dlole & AAtshE AAatE uEth

10.1 &A1 dA
AAE G e 7 IS AASE flow cell?] laned index HE BHF3ste] zZhzbe] md =
Faloh, g del D= {PAIR_IDI#{INDEX}/{FIRST_OR_SECOND}¢] &2lo =z wHAsIT}

IDe] A= b 2

A
A

ON

(iiS

@FCBO971ABXX:4:1101: 1730: 2096#CAGATCAT/ 1

=7 1AN A A I 2R g WolHRE ¥Y] fdl, s5d dAE F quality 7}
HojA] = readE A A3 o] 98 Sickle T Z 13 (https://github.com/najoshi/sickle)S ©]
g3}, o] TR aHMe 7} v de Hit Q scoreE AAFSHY], o] Zho] A}gAr} A€ quality
7154k vHHQ score < 30)°lH @A ES EoFE AlASte] U A= AL(trimming) W A
F71E A Q scores ARtEte] W ghol 7IE quality ool W& mzkA] o] Age whEd
Ut Trimminge 3 2¢to] it Fagth HFH o2 dojxl dqd e o7} AREA7E A8
gk 7]=%(50 bp) BTt A& A9, AT SAES AAstL a¥A] FE A AT dAEe 2

HY S SR

AN

10.2 94 <€ v
JHEY B34S A SAES AgsiA 487 8l Al 2 A g9 vi*g (mapping),
PCR duplication A7, base recalibration® ©@AES AZIt}. o=

3 Burrows-Wheeler
Aligner (BWA), Picard ¥ Genome Analysis Toolkit (GATK) &<& A}&

het[4].

o] MZo| ol MZ o AAA = (whole genome)?] ¢F 2085 o] Abel sdalsE g LS
4ol ¥+ A ¥(human reference sequence, NCBI build GRCh38, UCSC build hg38)°] =&
| 93] Burrows—-Wheeler Aligner (BWA) 0.7.17 [5] H{#A9o] T2 1:S o] &

FEl

EA=C0IEMEH
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e}, ofu) ARg-shs WE ook 52 ofel

bwa mem -M -R "@RG#t10:LANE_Name_L ibWtSM: 1D_SampleswtPL: ILLUMINA®tLB :LANE_Name_Lib#t" -t [number
of thread] [ref.fa] [samplei_R1.trimed.fq.gz] [samplei_R2.trimed.fq.gz]

49 Heg 2 584 E 98, Picard 2.20.3 [6] WA TS o] gste] wg A
Al SAM = vl AE T Aol BAMEHROR Wgy. o A}ﬁo}—t— dofeh &
AL ofeeh

java —XX:ParallelGCThreads=4 —Xmx8g —jar picard.jar SortSam INPUT=[samplel.sam]
OQUTPUT=[samplel.sort.bam] VALIDATION_STRINGENCY=LENIENT
SORT_ORDER=coordinate CREATE_INDEX=true TMP_DIR=[/Temp/]

10.2.2 PCR duplication A7
483t WolA WS 93l Picard 2.20.3 W] L2338 o] &3] PCR duplicate reads
E AAg. o] & g BAMO| index& Attt oluf Ab&sh= WE o9t A4S oot 2
2 A= 47 A48 BAM S 3 9] BAM SR FEe & e

®

java —XX:ParallelGCThreads=4 -Xmx16g -jar picard.jar MarkDuplicates INPUT=[samplel.sort.bam]
QUTPUT=[samplel.sort.dedup.bam] METRICS_FILE=[marked_DupMetrics.txt]
VAL IDATION_STRINGENCY=LENIENT TMP_DIR=[/Temp/]

java —XX:Paral lelGCThreads=4 -Xmx16g —jar picard.jar BuildBamlndex

INPUT=[samplel.sort.dedup.bam]

10.2.3 Base recalibration

GATK 4.1.3.0 Z2713ex #]|-F3t= BaseRecalibrator A< o]&3te], trde] AA 7}
HHAE ] A}LA 7 A AT thEdE covariateEE HFE O ® recalibration H ol ES WS, o]
w2} ApplyBQSR A4S AF&3Fe] 9719 quality scoreE A E A (recalibration)dtt}. AF-&4}7}
A A& 4 Qli= covariate E2+ read group, 7|9 H.i1% quality score, machine cycle %
nucleotide context ko] Uth ARAT A= B3 BAMILo| thsto] index= 3743},

of WANA AgsHE BYols FHe obdlst Lk,

HEN=OOIHME
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gatk ——java-options “-XX:ParallelGCThreads=4 -Xmx16g” BaseRecalibrator -R [ref.fa] -I

[samplel.sort.dedup.bam] —known-sites [dbsnp_versionNo.hg38.vcf] -0 [samplelirecal.table]

gatk ——java-options “-XX:ParallelGCThreads=4 —Xmx16g” ApplyBQSR -R [ref.fa] -I

[samplel.sort.dedup.bam] —basr-recal—-file [samplel.recal.table] -0 [samplel.final.bam]

java -XX:Paral lelGCThreads=4 —-Xmx16g —jar picard.jar BuildBamlndex INPUT=[samplel.final.bam]

10.3 Wol A HolE Az
Hola] dolg= 1) WolAl w49 24, 2)

E

4 ol thalA dol¥] Az}, 3) WolA allele 7%
A 4) WolAl dlolE AFe F 471K GAIE A A FSh o] HAAE GATK 4.1.3.0
x 233} SnpEff-4.3 23S ALEstith, ©@dr] WolA]| HolHE HExiT 5w Fo9 o

F

o

10.3.1 ¥l 4% 2
ol M= ZbZbo 4] GATK 4.1.3.0 Z =213 9] HaplotypeCaller 4% AFg3Fo DNA ¢

i
| 43 (genotype)s AA S}

gatk —java-options “-XX:ParallelGCThreads=4 -Xmx32g" HaplotypeCaller -R [ref.fa] -I
[samplet.final.bam] -L chr[no] ——genotyping-mode DISCOVERY -stand-call-conf 30 —-dbsnp
[dbsnp_versionNo.hg38.vcf] -0 [sample1.Chr[no].variant.vcf]

GATK ——java-options “-XX:ParallelGCThreads=4 -Xmx32g" HaplotypeCaller -R [ref.fa] -I
[samplel.final.bam] -L chr[no] ——genotyping-mode DISCOVERY -stand-cal |-conf 30 —ERC GVCF —-dbsnp
[dbsnp_versionNo.hg38.vcf] -0 [samplel.Chr[no].raw.g.vcf]

7t o) 3 effective coverages U3 o] AL 7].

depth (j) —m,;/10 ~ 4/10
cG)= Y, (1—10 ") x(1—10 ")

m; & q; © 1 WA 9Age ] HA A 2+ mapping quality score$} base-call

quality scoreZ w3t}

10.3.2 WolA v dolE Az

HEN=OOIHME
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10.3.1 @AolA] ABAE dlo]HE Ao 2 read depth coverage®} effective coverage’} 2
o]l alleleZ4-E @7 TP (SNP) HolHE AAtsth Allele®] WEFE th5e] 23
2ol Aikst)

F. =N/ N, where t =4{A, T, G, C}

F= &4 allele?] HI=FE st Ni= &4 allele?d 74, N& A A allele?] N5 9

7

10.3.3 ®HolA allele 7] %
SNPY allele = ?lﬁ%%ﬂ]%xlEg A71¢} 9 alleledl tls|Al= annotations 3 S,
SNP annotatione SnpEff 4.3 Z 213 o] &3] t}S-3 o] 4=8 3},

java -jar snpEff.jar eff -chr chr1 -c [snpEff.config] —csvStats [chri.target.csv] -s

[chri.target.html] hg38 [chr1.target.vcf] > [chr1.snpEff.vef]

10.3.4 WolAl doly A2

A FAE AH LA dHolHZEE WolA Holy IS #ASt). o] AL in—house =
23S Ag3t} SnpEff Z2180) 7} T e ARE el oA b
olE o 4] AFolgt 7|5 Fwo R WFg WS thEo] o wFo] Fefit

n‘é

HEN=OOIHME
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3h=to] W o)A
o] 7 = T']i‘ /}:.j‘:ﬂ
SmpBE] Al dolE el A% T :
INTERGENIC INTERGENIC T2 2 Gdel WHolrt EA3= 45
UPSTREAM UPSTREAM T AAFe] upstream G ol Wo|7} &A= HS-
DOWNSTREAM DOWNSTREAM 42+ downstream @Gl Wol7} EAe= A5
INTRON INTRONIC AR QIER oo WMoy} EAFE AL
SPLICE_SITE_DONOR 229l splice donor site Aol WHol7} &A= H$
SPLICE-SITE o A7) spli tor site Aol Wol7} A &=
SPLICE_SITE_ACCEPTOR ;ro Fel splice acceptor site gl Wel7k LA
o T
EXON EXONIC T A& Gl Wol7t EAste= A5
UTR_5_PRIME
5UTR A2kl 5'UTR 9ol Wol7} &A)s= 4%
START_GAINED
UTR_3_PRIME 3'UTR FAA2] 3'UTR J Yol WHo|7} &A= 45
SYNONYMOUS_CODING
S %] 2} o o] o ZAsl= W ZAqE
SYNONYMOUS, START SYNONYMOUS 212l CDS 9ol EA8t= WHol7t EA8H, 1
Hol7} ghild Mqgo] WolE doy|x F= A9
SYNONYMOUS_STOP
NON_SYNONYMOUS_START
NON_SYNONYMOUS_CODING
A2kl CDS 9ol A3k WHol7t EA43lH, 1
START_LOST NON-SYNONYMOUS Wol7l Bl Aele] Wols Qo Ae
STOP_GAINED
STOP_LOST
CODON_DELETION FARe] CDS g ol Wol7t EAsty, dald A dgdel
CODON_INSERTION Amino Acid7} F7HEAY A= A5
CODON_CHANGE_PLUS_COD | ~op0N CHANGE
ON_INSERTION LA CDS 9o Wol7} ZA s, wuld qFare]
CODON_CHANGE_PLUS_COD Amino Acid7} W3lH a1 718 A glolAE A$
ON_DELETION
FRAME_SHIFT
START_LOST oAzl CDS Ao Wol7l A5, o] o]Fo
FRAME. SHIFT 219 Oﬁ} 1j j&ﬂ ] o] %]
STOP_GAINED gl M do] &3] vt AS-
STOP_LOST
gh=rol WolA dolEe= AT FAIE ¢sle] zF SNPo| 3] idE st} Alleleo] 3F
N A= idE &delA] Eevh 5L Als A f1Ad= 2 allele?] %L*é o] ttE, F 714
o]’ SNP7}F EAE = glom, olEe dEAeE A= HEe SNP idE Fofdth

HEN=OOIHME
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ks

d R

25 7|77 7FO]=(NCSRD-2022-01, AAE) 7.2.10) wa}, 4402 VIM
9] Metrological traceability (FH4AF4) oo ILAC-P10 A A= 34
AagAd A3t FAAA 7T AAZFAILAC) Lol wg} AgAS gHs & Jrs
sk

7149 717)E 7tole 7.2.29] wk
vl 9] Specifications #A8te] 423 AFAdE ®BAS7
AA ZAL e 7)o ZAsa sk dold A4k 3
e ALy (Es AAEA) AoE AA g [8-13].
JRpg el meir e sl S A7 AR A
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AgrAel Genome Reference ConsortiumolA] Al&3t= <17HA
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4

X
ofN
_OL
T
f
é
pﬁ —_
dho

o) ]
AA = H o
Sho}h, =] AL 7|EA o7 peer-reviewed =olojof dr}.

12. 8%
12.1 &97] Wole] ==

AL Aol ofHet 75 7|ve g ot7] wiel, SAESE £ A3 (Guide to the
ncertainty in Measurement, GUM)?| W& E3t% %

U
Aol AgAR, Jul, YRHRGA 24 W

9 : e
ek, olol Weted 7 AP oRaEE F AFHoD 2

&
[
o
M
)
=8
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Au)
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D &, ojellA Aikd dold, tddt Aol Aakd dlolgel M= dolE e A= we dis
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HzHog AAFE WMol Phred-scaled quality score(QUAL)ZEE ofeje} o] Ao + o
o

QUAL = —10log,, Pr

*Pr . Q% ¥E(error-probability)

|

Aol Aol wet QUALRES 9
scoregs THT AT FA ES
o] 3t AA ¥ Wol(SNP)e] Qo7& #3
(NIST Technical Note 1990 = [

gk gEd wet SAHE Wole ﬁx]oﬂ/ﬂ QUAL %ol ¢l
H= obefj e 22

T3 oF FEL WolE eke TXF dake] quality
0]
AN

q q 3 10 10 10
H=(1-10 “n(1—10 ) Z In( )

gefstH
_ 1 _4q _q _q

H=(1-10 )n(1—10 ©)—10 ©1n@10o * —1n(3))

12.2 ©947] Wo] §lke] 535%
a7 Wo] HMlx+ Minor allele frequency(MAF)ZA FHAZ e alleled] H|EE 913

o}, w2k 0.5H T 3t 2o ks 7}7\11:} MAF3+= the second most common allele®] H|& p
=S FA3}= AolmE o] - WH| £ FA(Estimatin a Proportion)e] o] & uwta} W &3} A
E4EE 4o & 5 vt [19]

»1—p)
n

o] AL AFEE n-1, TIAAE svalue =5 ~value (1.96 for 95% AlEFw)o|th, 2H]&
o] FA o]l WEEZ FEFVL Sold 5 B ol A Hr}h Eg

p1-p) | pa—5) b

s ( PP = 2 PR Pip 20— )
n n n

O]Ei’

HEN=OOIHME
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ojth. o] A5 FFEFwo] wE el Wl o ddel TFE 4 9lvk. 1Y p<0.501=

ol 95% N sF FHA =1.960] B, 2 =3840]T AIZH(n)7} 40]4 A HFRIE
of W gkel Welel =9 dool £3d 4 flvh tvalues ARESHE AF, n=7% 4§ A
% GoliL, olu (2 =2447° =599 < pOo. 2 ARG W2 ghe] Wole] So dde] ¥} =
F P9L2n=62% 4% &9 99 T3 7MeA I A FFEE 5 .
svalue® AFEE A9 AL 2= 42m)o| A, valueD AFEE A AT 2 7(4W) o]ate] %7

g wxaof A,

HEN=OOIHME
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13. "oy 32
13.1 "oy At AHH
s | B 3 & =
1 provider id o5& A o] TEHE
2 protocol id A2 AANH A Al AFESE W id
3 contact name gz} o] &
4 B contact email G332 olHd F4A
YAk A}
5 ) contact phone number G A3 s
6 institution dolH & s o] ol &
7 address HolgE AL 3t F4
8 postal code FHH T
13.2 3= dolg Ax
s | B 3 & =
1 ﬁgf; genome build UCSC9] genome build H3% [hg38]
dlo
2 AR dbSNP build NCBI9] dbSNP build HZE [dbSNP155]
13.3 ¥¥H AH
s | B 3 & =
1 sample id ¥R JA TEHS
2 country code s (?}%9] % KR)
T H
3 %i ethnicity mE (44 a0l A KR)
4 gender /@%.HFmdeG%§X2=mnmm@4ﬁﬂ
5 age Lol
6 | A= HE7) 7%
A1 sequencer o =S
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13.4 WolA G4 An

cH | &3 a3

1 | #CHROM Hol7b EAjsks XA HE [chrl]

2 | POS wolo] A JFel 91

3 |ID dbSNPol| Al A& %= rs id, g2 ¥ol= 554 ks id

4 | REF AN Als FAL allele

5 |ALT gharel A Zoll A allele

6 | QUAL ALTOl tddol & &5

7 | FILTER Wolo] Quality’} & 4§ [LowQuallZ #7]
AC Allele count
AF Allele frequency
AN Total number of alleles in called genotypes
BaseQRankSum g;:ﬁgrees from Willcoxon rank sum test of Alt Vs. Ref base
DB dbSNP Membership
DP Approximate read depth
ExcessHet Egtrgrdo—zsycgaég?typ—value for exact test of excess
FS Phred—sgaled p—value using Fisher's exact test to detect

8 INFO strand bias
MLEAC E/ézgggum likelihood expectation (MLE) for the allele
MLEAF lf\;[gzl(;rgsg likelihood expectation (MLE) for the allele
MQ RMS Mapping Quality
MQRankSum é;)%?rrlz I;i%?;tililcoxon rank sum test of Alt vs. Ref read
QD Variant Confidence/Quality by Depth
ReadPosRankSum g;ssi(%;)orr? ggén Wilcoxon rank sum test of Alt vs. Ref read
SOR Symmetric Odds Ratio of 2x2 contingency table to detect

strand bias
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ANNY Functional annotations
MU Minor allele frequency uncertainty
GT Genotype
AD Allelic depths for the ref and alt alleles in the order
listed
DP Approximate read depth
9 FORMAT
GQ Genotype Quality
PL Normalized, Phred-scaled likelihoods for genotypes as
defined in the VCF specification
GU Genotype uncertainty

D Format : 'Allele | Annotation | Annotation_Impact | Gene_Name | Gene_ID | Feature_Type | Feature_ID
| Transcript_BioType | Rank | HGVS.c | HGVS.p | cDNA.pos / cDNA.length | CDS.pos /
CDS.length | AA.pos / AA.length | Distance | ERRORS / WARNINGS / INFO'
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FE FH WA, AE s e, 4 de, FolAl dlolE A WS diEiA e EARE 715
S $0 Ay dlE delEe B4 dolHE B4 AW AAHH Edd Fuh 7 24 dAE
2 AA"Y Zdo| B4 Ax S 5 README 3d& 24 gho}

52z doly, Alw s

15. dl°|g ®HF
AArE WolA HolHE =7t zgFEAEd Adsta, KOGIC FTPS HolE Ao Aol E
5 F5to Fust. WolA| dlolEe] Aake o] 8% A dl= do]lE &= KOGIC FTP, KOBIC

=

FTP, NCBI SRAZ %3 & 7|3t}

]

HolE B Abo] = S

7 ZRTFAE Aol E http://www.srd.re.kr

¥AEd ol HAE Aol E http://variome.kr

KOGIC FTP ftp://biodisk.org
KOBIC FTP ftp://ftp.kobic.re.kr
NCBI SRA http://www.ncbi.nlm.nih.gov
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GRC AL A 2pA

Y

a5

. Yoshiura, K. et al. A SNP in the ABCCl11 gene is the determinant of human earwax type. Nat.
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. Fujimoto, A. et al. A scan for genetic determinants of human hair morphology: EDAR is associated

with Asian hair thickness. Hum. Mol. Genet. 17, 835-843 (2008)

. The 1000 Genomes Project Consortium. An integrated map of genetic variation from 1,092 human

genomes. Nature 491, 56-65 (2012)
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17. %4
GRC-MP-CF-003 &F=9l duly: vd7] E SAHAH
GRC-MP-AF-004 3t=r9l vk Td7] & A 23}
GRC-MP-RF-001 ¥o]A| tlolg HF WY
GRC-MP-DF-001 ®olA] glol¥ A& WY
% o2l oto]] Z|AlE Be ZH YL dAES ndd
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GRC-MP-CF-003
=g dubr 9] B8 SAAR
5% %) Qg | wz 00 DA 9
Gk #E D we | == # A3 oo | =% FZ( 1 260/280 © 260/230 57
£8) ratio ratio
1 KPGP-00001 2014 KR SRS o] 68 ol 342 1.8 HiSeq2000
2 KPGP-00002 2014 KR SRS = 74 ol 196 1.75 HiSeq2000
3 KPGP-00006 2014 KR A7 = ko2 45 3 ol 318 1.84 HiSeq2000
4 KPGP-00032 2014 KR A7 &= k2 35 R 333 1.74 HiSeq2000
5 KPGP-00033 2014 KR A7 &= S 31 3 ol 504 1.8 HiSeq2000
6 KPGP-00039 2014 KR A7 = o 31 ol 303.8 1.8 2.28 HiSeq2500
7 KPGP-00056 2014 KR A7 = 1os 30 ol 311 1.79 HiSeq2500
8 KPGP-00086 2014 KR SRS = 33 ol 116.62 1.82 2.62 HiSeq2500
9 KPGP-00088 2014 KR 7= o] 20 3 ol 273 1.73 HiSeq2000
10 KPGP-00090 2014 KR 7= ko2 23 3 ol 234 1.86 HiSeq2000
11 KPGP-00117 2014 KR g k3 28 R 369 1.83 2.37 HiSeq2000
12 KPGP-00120 2014 KR A7 = 1os 26 ol 43.15 1.81 2.11 HiSeq2000
13 KPGP-00121 2014 KR A o 24 ol 454 1.8 2.26 HiSeq2000
14 KPGP-00122 2014 KR s o] 24 ol 11.75 1.73 1.58 HiSeq2000
15 KPGP-00124 2014 KR FAk k3 27 R 349 1.79 2.4 HiSeq2000
16 KPGP-00125 2014 KR Aes = Lo 28 3 ol 31.6 1.71 2.43 HiSeq2000
17 KPGP-00127 2014 KR AR ko2 31 3 ol 291 1.8 2.39 HiSeq2000
18 KPGP-00128 2014 KR QI S 22 R 146 1.84 2.55 HiSeq2000
19 KPGP-00129 2014 KR & 1o 46 ol 343 1.81 2.36 HiSeq2000
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Q Score Read 29| ; SNV
H = Depth B B B B B H|&  Ts/Tv
5 %2 D ) - c - c Rate (He/H | W&
Rl 'R2 Rl ' R2 Rl ' R2 Rl ' R2 (%) o)
1 . KPGP-00001 : 28.20 : 23 :23 38 37 50 50 89 : 88 i 99.64% | 1.44 : 1.97
2 | KPGP-00002 @ 2838 @ 23 23 37 37 50 |50 89 | 88 99.77% | 1.43 | 1.98
3 | KPGP-00003 | 2576 | 23 23 36 35! 50 50 88 | 87 ! 99.52% ' 1.43 ' 1.98
4+ KPGP-00004 : 30.13 : 24 : 23 37 : 36 : 50 : 50 | 88 : 86 : 99.48% : 1.43 : 1.97
5 | KPGP-00005 = 29.25 =~ 24 23 37 36 50 50 88 87  9951% | 1.44 | 1.97
6 | KPGP-00006 @ 29.80 @ 24 23 37 37 50 50 99 | 99 | 99.67% | 1.45 | 1.99
7 | KPGP-00007 = 31.74 25 23 37 137 50 50 99 @ 99 | 99.24% | 1.47 | 1.96
8 | KPGP-00008 @ 29.26 @ 25 23 37 : 37 @ 50 i 50 99 : 99 i 99.25% | 1.46 | 1.97
9 | KPGP-00009 @ 27.36 = 24 22 37 36 50 50 88 : 88 : 99.18% : 1.39 | 1.98
10 | KPGP-00010 | 26.38 | 22 | 23 36 36 50 50 88 83  99.25% = 1.46 | 1.98
11 | KPGP-00011 | 30.82 § 24 | 23 36 36 50 50 87 87  9961% @ 1.40 | 1.98
12 . KPGP-00012 | 31.74 = 24 23 36 : 36 50 50 88 i 87  99.61% : 1.43 | 1.98
13 . KPGP-00013 | 31.87 @ 24 23 36 : 36 50 50 87 i 87 = 99.63% . 1.45 | 1.98
14 | KPGP-00014 | 2629 | 23 1 23 36 36 50 50 86 : 85  99.36% | 1.39 | 1.99
15 . KPGP-00015 | 31.07 @ 24 | 23 36 36 50 50 87 | 87 @ 99.62% | 1.40 | 1.98
16 @ KPGP-00016 @ 32.20 @ 24 23 36 36 50 50 83 87  9955% = 1.40 | 1.99
17 = KPGP-00017 | 3231 : 24 1 23 36 36 50 50 83 87  9950% = 1.42 | 1.98
18 . KPGP-00018 | 31.76 : 23 1 23 36 36 50 50 87 87  99.62% = 1.41 | 1.99
19 = KPGP-00019 | 29.23 @ 24 23 36 36 50 50 87 i 87 @ 99.59% | 1.40 | 1.99
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