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ⱦ♇◓♦כ♃

◘fi◔כ◦ (1) Clinical Sequencing)⌐╟╢

₈◕ⱡⱶ/○Ⱶ♇◒☻ ₉⌐⅔↑╢ /

(2) Biobank/◕ⱡⱶ◖ⱱכ♩ ⌐╟╢ ה ─

(3) ⸗Ᵽ▬ꜟⱫꜟ☻(mHealth ⌐╟╢Wearable ☿fi◘─
⌐╟╢ ─♃כ♦ unobstructed monitoring)
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─ ─₈ⱦ♇◓♦₉♃כ
BigñSmall Dataò(n֙p)

ה ≢│

ï Population Medicine─Big Data
Ҝ ╩ ╘≡₈ ₉╩ ╢
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Small ñBig Dataò(p֙n)

⌐ ♃כ♦╢∆ ⅜

(p)⌐ ═≡ (n) : ─ ⅜

₈ np ₉: GWAS│ ─

ï ⅎ┌ ─ Personalized Medicine 
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─₈ⱦ♇◓♦₉♃כ │
≥╪⌂ ─Ɽꜝ♄▬ⱶ⌐ ⇔≡™╢⅛

Å Population medicine─Ɽꜝ♄▬ⱶ
ï<One size fits for all>─Population │╙│╛ ╡ √⌂™
ï ñPersonalized (Precision) medicineò

Å ─√╘⌐ ה Ɽ♃כfi ⅜≥╣∞↑ ╢⅛
⌐ ═╢ ≥↓╕≢─ ≢ ה ∆╣┌╟™⅛

Å Clinical research ─Ɽꜝ♄▬ⱶ
ï ╩ ⌐∆╢ ─ RCT│, ⌐ ⇔√
ï<statistical evidence based> ⅛╠─
ï₈ ₉ ₈ה ₉ ⌐ ↕╣⌂™
ïReal World Dataהⱦ♇◓♦כ♃⅛╠─ BD2K)

Å ─ Ɽꜝ♄▬ⱶ─
ï ⱦ♇◓♦כ♃ ┼: ⅛╠ⱦ♇◓♦כ♃ ┼
ï ◒כⱠ♇♩꞉/♃כ♦ ⅛╠─ DRה

ïDisease, Drug, Target─ Ⱡ♇♩꞉כ◒ ─
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♩◒fi◘─▬fiⱤ◔כ◦

╩◘fi◔כ◦ ╘≤∆╢high-

throughput ─ ⌂

⌂ ≤ ⱥ♩◕ⱡⱶ 13 ,3500 Ҝ1 ,10
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2005₩ NGS  454 (LS,Roche)

2007/8₩454, Solexa (Ilumina),   

SOLiD (LT,TF)

☻fi◔כ◦
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◕ⱡⱶ ─
Clinical Sequencing

Nic Volker
Å Wisconsin 4 2009 ⁸3 ─ ⁹

Å 2 ⅛╠ ─ ≢⁸ ─™√╢≤↓╤⌐ ⅜ ⁹

Å fiכ꜡◒ ⅛≤ fiכ꜡◒⁸⅜℮ ─ ─ ⌂⇔

Å 2 ≢130 ─ ╩ ℮⅜ ╩

╡ ∆⁹↓╣ ℮ ⅜⌂ↄ⌂∫√⁹

Å Nic─ ◄◐♁fi─ ╩ ◘fi◄◒כ◦

Å WES≢ ↕╣√16000 ─DNA ╩ ⌐
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2010 7 ┌(42 ⌐│⁸ ⅜ ╣╢╕≢⌐ ⇔√⁹
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2010 ─12 ⌐3 ≢ ⌐ ה ⌐Ⱨꜙכꜞ♠▪
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Wisconsin ⅔╟┘
Froedtert ─◕ⱡⱶ

ÅWisconsin Genome sequencing program
ïNic ⌐ ™≡ 3 ╕≢6

ï nomination
Å ─ ה ≢ ⌂

ïMultidisciplinary ≢꜠ⱦꜙכ
ï6-8 ─▪☿☻ⱷfi♩≤◌►fi☿ꜞfi◓
ï32 ◕ⱡⱶ, 550 ⱶכ♁◐◄ 2015 4 ╕≢

ï▪ⱷꜞ◌ CAP)⅔╟┘Clinical Laboratory

Improvement Amendments(CLIA:CMS) 

ï♦כ♃ in-house─BI≢

Å Baylor 2 ∆≢⌐ ?
ïWisconsin⌐ ™≡ ◕ⱡⱶ
ï ⌐Whole genome laboratory (2011.Oct) 

ï In-house≢◦כ◔fi◦fi◓/

ïCAP/CLIA ─ ╩ ⌐ ∟ →╢⁹
ï ⌐╟∫≡ ה

Å∕─╒⅛⌐Washington ⁸Partner⌂≥ ≈≠ↄ

Wisconsin

Froedtert

Wisconsin MCW

Baylor
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34 ─ CYP Chip

─ ♄כ○ ⌐ 2010⅛╠

Pharmacogenomic Resource for

Enhanced 

Decisions inCare and Treatment 

─◕ⱡⱶ
Ᵽfi♄כⱦꜟ♩

◒꜡Ⱨ♪◓꜠ꜟ
◌ꜟ♥─
ⱪꜝⱦ♇◒☻

☻♥fi♩ ─ ⌐

CYP2C19─ ≢*2*2─ │
⅜ ™─≢(poor metabolizer) 

⅜ ∆╢
─ │ ≢№╢

↓─ ─ (*2/*2)ⱪꜝ☻◓꜠ꜟ
( ◄ⱨ▫◄fi♩)⌐ ⅎ╢⅛

╩2 ⌐⇔╤≤ ⇔≡™╢
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1─ ╣

◕ⱡⱶה○Ⱶ♇◒☻ ─
2003

2007

○Ᵽⱴ Precision Medicine Initiative╩

2015 1

⌂ ≤ ⱥ♩◕ⱡⱶ 13 ,3500 Ҝ1 ,10



≤─ eMERGE

electronic MEdical Records + GEnomics (NHRI-funded)

Å phase I (2007-2011) EMR-bsed◕ⱡⱶ ─
ï EMR( phenotyping)≤biorepository⌐ ≠ↄ

ï GWAS EMR-based GWAS ⅜ ⅛⁹

ï │GWAS ⁹╕∞◕ⱡⱶ ─ │ ╕╠∏

ï ◌ꜟ♥╟╡ phenotypingꜟכꜟ

ï Mayo, Vanderbilt Univ., Marshfield,

Univ. Washington, Northwestern Univ.⌂≥ ,

Å phase II (2011-2015) ◕ⱡⱶ ─ ┼ ╩ ╢
ï MCW─ ─▬fiⱤ◒♩⁸Vanderbilt─ ◕ⱡⱶ PG

ï ◌ꜟ♥≤ ─
Å ◌ꜟ♥┼─◕ⱡⱶ ─
Å PheKB (Phenotype Knowledge Base)

Å ◕ⱡⱶ ─ ⁸PGx─
Å Return of Result, ELSI

ï 4≈─◘▬♩⅜ ⇔ↄ ╦╢
Å ⱪ≤Mount Sinai, Geisingerכꜟ◓

Å phase III : 2015╟╡ ╕╢
Å NHGRI ─◖fi♁כ◦▪ⱶ≤

ï CSER consortium ≤
Å ñClinical Sequencing Exploratory Researchò

PheKB: phenotypingꜟכꜟ



⅛╠Precision Medicine

─ ה ⌐ ╦∑√ (tailored) 

One size fits for all ─Population ≤│ ⌂╢

│⁸ Personalized Medicine─ ≤ ╦╠⌂™⅜⁸
│ / ─ ≢│⌂ↄ ╩

─ Personalized Medicine⅜ ↕╣√ ⅛╠10 ∫≡™╢

X ( ) ⱴכ◐☻─
(SNP╛ Genome) ∞↑≢⌂ↄ ה (Exposome) ─
│2≈─ ─ ≤ ⌐ ⁹ ◌ꜟ♥─

Clinical Phenome) ─ ⁹
◕ⱡⱶ◖ⱱה♩כBiobank─

Precision Medicine╩ ∆╢₈ ₉≤⇔≡⁸◕ⱡⱶ◖ⱱכ♩/Biobank⅜
≢№╢↓≤╩ ⁹Real world data─

⸗♬♃ꜞfi◓ ─
⸗Ᵽ▬ꜟⱫꜟ☻(mHealth)ה wearable☿fi◘כ⌐╟╢ ─

ⱦ♇◓♦כ♃ ─ ⌐╟╢ ─
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─◓fi◦fi◔כ◦ (2010₩)
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◕ⱡⱶה○Ⱶ♇◒☻ ─

◕ⱡⱶ X30 100Gb)כ♁◐◄הⱶ X100 6Gb
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⅜ (NCBI:SRA)

◕ⱡⱶ ─
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MayoClinic≢│
10 WGS
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Å │ √╘─ ╛ ─ ⁸ │◕ⱡⱶ ─ ≤⇔≡─ ⅜
↕╣⁸ ⌐

Å ◕ⱡⱶ/○Ⱶ♇◒☻ ⁸ ─ BioBank ◕ⱡⱶ◖ⱱכ♩
ï ⌐≡⁸ ─ ◕ⱡⱶ⌂≥ ≤∕╣⌐ ∆╢ ⁸

⁸ ⁸ ⁸ ⁸ ⌂≥ ─ ⁹

ï ─ ╛ ⁸ ⁸ ┼─

Å ─ Population BioBank ◕ⱡⱶ◖ⱱכ♩
ï ₈ ₉ ⅝◖ⱱ⁹♩כ ─ ◕ⱡⱶ ≤ exposome ╩ ╘≡⁸

╩ ∆╢◕ⱡⱶה◖ⱱכ♩

ï ⌐ ╙ ╘√ ─ ꜞ☻◒ ⁸

Å UK biobank
Å 50 ─ ⁹40₩69 2006-2010, 62Mⱳfi♪), 2011-16, 25Mⱳfi♪

Å ♃כ♦ ה ה ◘fiⱪꜟ⁸ ≤◕ⱡⱶ SNP▪꜠▬╩ ╘⁸ ╩ ∆╢⁹

Å Genomics England,
Å 2013 ⁸2017 ╕≢⌐ 10 ─◕ⱡⱶ ⁹ ◕ⱡⱶ ☻fi◔כ◦

Å ─ │ ה ⁸⅜╪ ⁸ │England─╖⁹ ≤─◖fi♁כ◦▪ⱶ

Å BBMRI Biobank/Biomole. Res. Infra.)

Å 250 ─ ─BioBank╩

Å ○ꜝfi♄ Lifeline
Å 165000 ○ꜝfi♄ 2006 30 ─ ⁸3 ◖ⱱכ♩

Å Precision Medicine Initiative Genome Cohort
Å ↓╣╕≢─Biobank ⅎ┌BioVU⌂≥ ╩ ╘≡100 ─◕ⱡⱶ╩ ╘╢

ⱦ♇◓♦כ♃ / ─ ─ ╣

Biobank≤◕ⱡⱶ◖ⱱכ♩─
Ẁӓ

Biobank



ⱦ♇◓♦כ♃ / ─ ─ ╣

⌂ DB/KB─ ≤

Å ⱥ♩◕ⱡⱶ ⌐

ï Hapmapⱪ꜡☺▼◒♩,1000genome,ICGC,TCGA

ï◕ⱡⱶ ה
Å dbSNP, HGMD,Clinvar, Clingen, OMIM,GWAS catalog, Matchmaker Exchange

Å ≤─ : dbGaP, EGA

ï ⱪ꜡ⱨ□▬ꜟ
Å transcriptome: GEO, ArrayExpress,

Å trancriptome: c-Map, LINCS

ï♃fiⱤ◒
Å PDB, Swiss-Prot, 

Å♃fiⱤ◒ HPRD, STRINGS,BIND

ï Ⱡ♇♩꞉⁸◒כⱤ☻►▼▬
ÅKEGG, TRANSFAC, BioCyc, Reactome

Å Ᵽ▬○Ᵽfi◒ ⱬכ☻ ▪◒☿☻

ï UK biobank, BMBRI, ⱷ♦▫◌ꜟהⱷ●Ᵽfi◒

Å ↓╣╠─ DB/KB╩ ∑≡◕ⱡⱶ ה ╩



ⱦ♇◓♦כ♃ ╕≤╘

Å ◕ⱡⱶה○Ⱶ♇◒☻ ─
ïClinical Sequence─▬fiⱤ◒♩

ï ╙ ╘√ ♃כ♦

ï ⁸Precision Medicine

ÅBiobank, GWAS, ꜠☺☻♩ꜞ─
ï◕ⱡⱶ ⁸◕ⱡⱶ◖ⱱכ♩

ïPopulation │

Å DB─ ≤
ïClinvar, LINCS, HPRD,STRINGS



╦⅜ ≢─ ₈◕ⱡⱶ (2016)₉

ƴ₈◕ⱡⱶ ₉( 2015.7

╩ ™√ ◕ⱡⱶ ≢№╢⅜⁸™ↄ≈⅛─ ≢
◕ⱡⱶה○Ⱶ♇◒☻ ⅜ ↕╣≡™╢

ǒ ⅜╪─ ≤

ï ⅜╪ ☿fi♃כ
Å♪ꜝ▬Ᵽכ ─ ⁹ ─ ⌐ⱪכꜟ◓ ≡

ï ⅜╪☿fi♃כ ≤ ─ ─ⱪ꜡☺▼◒♩
ï OncoPrime), , , BB

ƴAMED ⅜◕ⱡⱶ ╩

ǒIRUD Initiative on Rare and Undiagnosed Disease)

─ ╩IRUD ⅜ ⇔≡ ☿fi
─⧵fi◦fi◓⁹◔כ◦⅜כ♃ ⁸DB ∆╢⁹

ǒ◕ⱡⱶ ⱪꜝ♇♩ⱨ◊כⱶ

ǒ ◕ⱡⱶ DB

◕ⱡⱶ ≢│⁸ ≤ ╩ ↑╠╣≡™╢⁹⇔⅛⇔⁸Biobank

Genomic Cohort≢│ ⅜ ─ │∕╣╒≥ ╣≡™│™⌂™⁹
Biobank ─◕ⱡⱶ / ╩ ℮═⅝≢№╢⁹
╕√⁸ ─◕ⱡⱶ ⌐ ∆═⅝≢№╢
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Å ─ ─
ï ╩ ∆╢─⌐ 700

Å ─
ï 2 ~ ─ ─
ï≤ↄ⌐ ⅛╠ ┼─
ï phase II attrition (

Å

ï ─≢⅝╢∞↑ ™ ≢─⁸ ה ─

Å ─

ï ─iPS ╩ ℮

ïⱥ♩─ⱦ♇◓♦כ♃╩ ℮

╩ ╢

652,336 

203 1: 3,213

75 1: 2.71 1: 8,698

26 1: 2.88 1: 25,090

21 1: 1.24 1: 31,064

( )2₩3

3₩5 

3₩7

1₩2

2011♃כ♦

●▬♪
2014

1
5
₩

1
7



Drug Repositioning

1 ⌂─≢⁸ⱥ♩≢─ ╛ ⌂≥⅜
≢ ≢ ─ ╛ ─ ⌐╟╡
⅜ ∆╢ꜞ☻◒⅜ ⌂ↄ ─ ⅜ ™

2 ╛♃כ♦╢№⌐ ≢─ ╛♃כ♦
─GMP ⌂≥ ╩ ∆╢↓≤≢⁸ ⌐⅛⅛╢

≤◖☻♩╩ ⌐ ≢⅝╢

ⱥ♩≢─ ≤ ⅜ ⌐ ⅛∫≡™╢
─ ╛ Ɽ☻►▼▬⌂≥╩⁸

ה ה ⌐ ∆╢↓≤⌐╟╡ ⇔™
╩ ⇔⁸∕─ ╩ ─ ≤⇔≡

∆╢



ⱦ♇◓♦כ♃ /DR

(in silico) ─ ⇔™
↓╣╕≢─
ï ( ) molecular-structure oriented

ה in silico drug design)
ïStructure-based rational drug design

ï ─
Å ꜞ●fi♪ ≤─ ⱳ◔♇♩

ïꜞ●fi♪─ כ ה
ïꜞכ♪ ─
ï (QSAR)─

⇔™ ─▪ⱪ꜡כ♅(Mol. profile drug design)
ï₈○Ⱶ♇◒☻ /DR, ◦☻♥ⱶ /DR₉
ï ⱪ꜡ⱨ□▬ꜟה Ⱡ♇♩꞉כ◒
ï כ ─ ╩ ╡ ↄgenome-wide⌂

, ₈ ◦☻♥ⱶ─ ₉≤™℮
ï , , ─ ─₈ⱦ♇◓♦₉♃כ

⌐╟╢
ⱪ꜡ⱨ□▬ꜟ



ⱦ♇◓♦כ♃ /DR

ⱦ♇◓ KB/DB─
Transcriptome /DR

Ⱡ♇♩꞉כ◒ /DR

Interactome /DR

. Ⱡ♇♩꞉כ◒ /DR

ⱦ♇◓♦ה♃כⱣ▬○ꜞ♁כ☻─

כꜞ♩☻☺꜠

(registry-based clinical randomized trial)

KB/DB Bioresource

ⱦ♇◓♦ה♃כBioBank

הDRה


