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Big “Small Data” . [Boos
EBIER - BEHE BHRK 10ERRE #| Dooo
— BH#Y : Population Medicine®Big Data l Dooo
>@ERZEOHT EERER]] 2R 5 oDooo
5 I+ F 2 w9 AERE, mHealth ® Sooo
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EvoT—%
Small “Big Data” s
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- Population medicine®/\5 & A Lk
— <One size fits for all>OEE (L £ (T O/ Y 3L 480N
— Personalized (Precision) medicine
- BERMEEEZERT S-OIC<ERIENNZ—2>%
WEMIZEARD - HFLWIASATDOEY T T—4
« ECFTOHETHEIET NIE LD
- Clinical research (B&RENEER) D/\S 7 A LEsi:
~ BERMIEARICT A HEEDEHERCT
— <statistical evidence based>
— RCTOWLIEA 5 DFEEIN
— [EAR] et - THERL HMEAFTEGORRKRMBESRE
— Real World Data: E v 7 7—4 #155# 15 (BD2K)
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Genome/Omics[EE=BigData~

KRB CKEDIZE)

- MCW NicE R EFEAREE WES p : ,
BEEEWES DRI DB XIAPOZEERE - BRATBIE (== | Roarin the world
2010 Wisconsink 22 - Vanderbilt preemptive PG Wisconsin
— (PREDICT&HE) Bt
o] = 2
Early adopter BaylorEE# K5
# Mayo Clinic
ey £ Vanderbilt K& 4 &
N4
2013 |7/ LEROERIERES NIH “Big Data to Knowledge” #18 (2012/13)
"y NIH BD2K initiative B4 ACGM incidental finding list 56 genes (2013)
CIEE S g7/ LaV)—T L NACHGR report “Future is here” (2013)
u CPIC guideline, EGAPP guideline 2013.14
E R B%k/£EConsortium
B EA
A4
ANTKHE FEHE NIH “BD2K COE in Data Science”, DDI (2014)
2015 | precision Medicine initiative ASCO “CancerLinQ”, Cancer Common
BEROER 1 M genomic cohort “Precision oncology”

TMDU



/72/ A@Eguﬂ#mu@ﬂ_*ﬂd)ﬁ FhJ'"

Nic Volker

XIAP(XEEHT7 R b— XBEEZ VNV EER

ZE  TGT(cysteine)—TAT(tyrosine) (203 H)
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ZBEE HhFETOE NS/ LEIITREISNTLEG
LY 23020 a3aoNnNIreFUNRUO—RNEET

|..|J

Clinical Sequencing

Wisconsin /MNRJERE (£K44G1) 20094, 3FDEBEF,
2N L [REAFRBHDZEE T, BOW-5E ZAITEBNRE,
JO—UmMNhEEESH, v O— /I"@EE*E@E‘(K?”’E&L

2R T130EI DN EIRIUIBRFM 1T ONBERE —
1BUIRT, CHLLETSEENL Ao T2(A. Mayer) et
Nlcd)éIjF‘J L DES RS — OIz*j',iEE :

Medical College of
Wisconsin, Human &
Molecular Genetics

PRI~ & 2 BB L R (20104657) Foward Jacob
201067 A FI(F, BEHNENDE TISEME LT, (2 major mover of
Biild, ZBEDOBFLEDLMBRUEFEZE > TS, B e
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- WisconsinEEE] X Genome sequencing program

— NICE':%}EL\—C (?L‘Zﬂisﬁ 35—6615'” Wisconsin
— &5 ER (nomination) INE

L REDRE - DECTHIREB IS Nissonei B (W)
— Multidisciplinary & EREZEEETL Ea— :
~ 68BN T R AV MEAD R VY
- 328457/ L, 550 2TV —L 201554B%T) LELIE
— 7 A hEEESL (CAP)E & UClinical Laboratory

Improvement Amendments(CLIA) E#ELabo
— T—4 %7 : in-house®Bioinformatician T

- BaylorEE X ZEHET
— WisconsinlZ#t LN TERER 7 / LERSIAEAT -
— fAFEMIZWhole genome laboratory %37 (2011.0ct) pgees
— In-house T —4 UV VT IER DT L
— CAP/CLIAZZEIDEREEZWERNIZIL L EIT 5,
— BERDFEEFEICE > TERIT - BR{S
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* eMERGE a2V —C7 LDOWEAMNSD A N —
phase | (2007-11)/ 558N, phase Il (2011-15)TI&
RERRBICHETEHT / LERDORS
SeHlpy 7/ LEHES (PGx) EZE (Weinshilbboum) &

5/ LEREEKXE (CDS) NEFH /L TEMRIZE(H
RIGHT protocol: Right Drug, Right Dose, Right Timed Using

«  “Center for Individualized Medicine”
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The right ﬂrug and the right dose,

Pharmacogenomic Resource for

\Y
. PREDICT 7 D T 7 I\ EZZ?STgre]:mCare and Treatmen“ 5

3415 H @s?eﬁ'JﬁnETﬁ%%CYPy*”'l_*._EIﬂJEChip
ZEMDM A A —FFIZESFRET (201005) ¢

8 HEO Popup

Clopidogrel Poor Metabolizer Rules

o o
Genetic testing has been performed and indicates this patient may be at risk 7 n t I~ 7 I/}LMﬁ
for inadequate anti-platelet response to clopidogrel (Plavix) therapy i; 7: }l} — ‘ﬂzi
TOESHEMT

This patient has been tested for CYP2C 19 variants, and the presence of the "2/°2 genotype has identified this patient as a poor metabolizer of

clopidogrel. Poor metabolizers treated with clopidogre! at normal doses exhibit higher rates of stent thrombosis/other cardiovascular events. Fﬁ % 70 v t V) 9 X *J'L .[ﬂl*i ﬁ“

Tr is if not

© Prescribe prasuarel (EFFIENT) 10mg daily and stop clopidogre! (PLAVIX) startdate, 10 AM X |\ EJEJ % $ 1TI 0) 1& (\ L ﬁ

Due to increased risk of to clopidogrel, p grel should
notbe given to patients:

9 P

@ that have a history of stroke or transient ischemic attack *** Not known; please check StarPanel
® that are (reater than 75 years of age
& whose body weight is less than 60 kg

ik o or more information CYP2C19MD £ R T2 2MI5E &
If prasugrel (EFFIENT) not selected, please choose desired action: 1‘% ngj*%ﬁg 7b§1g l, \ 0) 'G‘ (poor metabohze r)

@ -Increase maintenance dose of clopidogrel (PLAVIX) 150 mg daily, startdate, 10AM P
© Maintain requested daily dose of clopidogrel (PLAVIX) 75 mg dally, startdate, 10AM _[ﬂ]_ﬁ H ,;,i IE 'é" 6

If not using prasugrel, please select a reason: ﬁﬁu :]:Q'—}'_- o) Ft; % lj: Z: _|_ éj\ -G & 6

I Contraindicated for prasugret
1™ Potantial side effects
I Patiert opts for clopxdogrel

I ther Specity) | ,b‘%d)iﬁA(*Z/*Z)707Z7 L

Chck here for more Informstion - (Pé‘ﬁnn% 7 4 Iy F)I\EK %)75\

(f not should replace f I thi is not possible
dose However, there Is not a national Inthis
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RSN TWET /L F 2 yvIRERE
1. WERHMDEEEREDWGCS/WESIZ & S
JRELEEFZEE D[R RE (undiagnosed disease)
Wisconsin KZEf®[E. BaylorKE &R
2. HABMMEDODMNADWGS/WESIZ L S
Driver B FZENDEE
Mayo Clinic, MD Anderson
3. EEENADERHYRREEF
BRCA1/275 £ Mz kR
4 ERRHEROSR T2k &
BEFNWILTADEE (DNAT7LA)
Vanderbilt X=5&RBE - Mayo Clinic

TMDU



T

T RES

HRETD

g R

ERDERKEE

(Clinical Implementation of Genomic Medicine)

REEZRWNRTHYT / LEEBETHLHH,
ST/ L - ijﬁxEﬁﬁﬁﬁéhTDé

MNA DRI Fizl & ERIMERE
— ENNAREL V2 —ERFER
- BIZFRELY FSAN—EEFDLE
© DFEMEDRRTIL—TIZEIHT
— BEEIINAEZ—
- FEREBBOABTD 7O k
SERBIAEFHEE
— BKNERY / LEFEE S —

L DOADE
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EZETIE. K
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fRIRRIEE & OMS —eMERGE &tiE|

BII5E : Nat. Center for Biomedical Computing : i2b2 X DEET—4

Phase | (2007-2011)

— BFHILTH 5EERphenotyping & 1T >

— EMR : E&FEphenotyping & Biorepositoryl 2 3 { GWASHYA]
gem (EMR-based GWAS) FIFRIZBE9 HELSIEIME % #&RET

— eMERGE-I: Mayo Clinic, Vanderbilt X%, Northwestern X

% & 5TEx . .. oo
Essentia Rural i i
Phase Il (2011-2015) iy M NN
‘ , ‘ ;;\—‘4’._ A2, ..“_"FHealth Sysiem’v/"),/ r:"\ Mount Sinai
o EE,%jJ )LT & E{Kllﬁiﬁd)%}EA(% ) N , . :. R¥ & School of ‘liedicme
c BFALTAQS ) LEROHE | [ LU e
- PGXDEEKEAIZET 2T IO Lo K AR AR s LS
- $#E B [E{f Return of Result (RoR) W | LT AAAR<TA™
. 47j’1£nx75\eMERGE & Y3
IR$%R= & Mount Sinai/Gesinger S A TN ™
Cincinnati Children’s > Vanderbilt e
CSER Consortlum & Ilason Hospital Medical Center ﬁni\?ers?ty Coordinating Center

“Clinical Sequencm% Exploratory Research” 2>V —v 7 L
 NHGRIIZ& Y F &1
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INA A - BEEIZE [T 5Big Data
3DODEMRER

M2 FIEER (Genome/Omics)
— 7/ L - A2y REH,R. multi-omics
SIRIRIERIFE (Phenotyping)

— eMERGE-I, PheKB, EWAS
Nz R o X 7L (Data Science)

— Data-mining, Knowledge Discovery, A L&

ZEEOHITHAEY I T—4

7/ LIEER +  BRER - IRIRIEHR(EMRE)

i F R (learning) Y AT L




NIH TE v 7 T—% M oEA~] 5TE
“Big Data to Knowledge” (BD2K)initiative

- BD2K: "Big Data to Knowledge” Initiative Bfifh
- 7—% - BHREICHI HINHREEZBZEER] WG
— R =PIk DBT /L F YO REEDERIZKY., B8
RO—47 D REREFOREILIZHIE LTIHRES
- BIREBOERS 2013F(HE. HEEHEPER014EMD

- F—4HBD-HDEIRE (Associate Director of Data Sciences)
#{Ed7 Bourne, PhD.

: Francis CollinsEE# NIHE&RE TCOE L]
MEEAMRICEEZEOETEEMHZHFD. BHNIZIBEXT SEGERE
T—REFERTS
— TEYIT—2DBRKIEEIELF1 (Collins)
— NHAZDEGZEEY LTS, BRRBERBE=-T—28BEICxT S
77'|27\0)ﬁ‘°" SICEENLGREIZE-T,

* http://bd2k.nih.gov
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NIH BD2KETIE D E it
. EFIZHT BT — 2 HEOLKCOERH

— Center of Excellence in Data Science

+ Univ. Pitts: Center for causal modeling and discovery of
biomedical knowledge from big data

« UCSC: Center for big data in translational genomics
- Harvard: Patient-centered information commons

- T, OBAVETKE, 1)/ A KREGENER 32M$
- Data Scientist AMEBRHADFEIRE

T — A FH F 5| DDI (Data Discovery Index) Consortium
— Data discovery index coordination consortium (DDICC)
~ T—AR=—AHZ2OTDFHE - Pub MEDDDBhR

— UCSD: BioCADDIEZ Ry ZDDIEAFE D #EF 8 4

- BioCADDIE : Biomedical and healthCAre Data Discovery and
Indexing Ecosystem TMDU




KEDBD2KDZEDODHMDEE

ASCO(KEERIRfEZF=) CancerLinQ initiative
— “Learning Health System”# % LM&"Rapid Learning” D= & H\A
BEOBWVWTERT S,
~ DEOHIGEHRMNO REDZET —FEEDHITMT S
— FILWERIRABBRADH A F5 4 UtkEt
— 201342, CancerLinQdD 70 b3 4 TZE5ER. 10 AULEDEHN
AEETR. TEREANBRGEZET
FEUVRTLEREL., RBRZERT HEEMNFHTHEGET 5,
MatFEE. —a—08xy FZBELTEE, BigDatal=&I(+5
Learning system®D A~ a] K 14
IBM Watson

— Memorial Sloan-Kettering Cancer Center (MSKCC)
« The Oncology Expert Adviser software (OEA)

— New York Genome Center
- R E L TKAEHZ Dglioblastoma
— F M. Cleveland ClinicX>MD Anderson
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ObamaX#ifE &
Precision Medicine Initiative

20154,

— R FEEHE THEER
&Rl EER.

a2 =M (precision

medicine) DA

1005 ADa7F— FAZE GXEREHRBEIER

250f8H (2
— 130M$ : NI
— 70M$ : NC

5M$) OFE
H, 10085 A 3 7R— kA&

CDADKESAIIN—ZE

— 10M$ : FDA, T—A2 RN— X%
— 5M$: ONCIRZEERM,[F¥R privacy,security
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Precision Medicine & Personalized
MedicinelZ & 53& 5 H
#2458 . 9 TIZPrecision medic ine [£2010FFE N H{FEHN TL V-

“Towards Precision Medicine” (US Nat. Research Council,2011)
RN SEREBRRDNSY /L F IV REENDNE~ADEE

M'S . AKX, Personalized Medicine D= & T4 5 £ VA,
Bis L TV =DIFEZH BEDEAETIZLZSEBRIIETHS Z & ZBHEIL

W= DYL5E : Personalized Medicine M MERE S N T=EH S 10EHFE > TLLVS
EEEY I T—2ARBRARDEIEIZKLDILES

(1) EEFEXRREEEFEE) ZEEDRAX—<TER
SNPOZEEF T T3 (BRiR - £FTEER (exposome) DER. KRERIEL2D0D
ZROEEERZRRICHE. EFHILTOERKKIZE! (Clinical Phenome) 4,
(2) AEEEE=4 ) VI RBROAE

E/31 JLANJL A (mHealth) -+ wearable sensor|Z & 5 X E# G IHEIRINEDER
(3) %7/ LakR— b - BiobankDELR

Precision Medicine®EIRT SEBEL LT, ¥/ L375— ~/BiobankhNhETH 5
Z & %3, Real world datad) E1R
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4 ERIPerspective~M

RIS D/INT X A LELHR

« <BWLWARLD-SHHERERD> DERRBRBEZN D
- BHEHRERESRD- THEEIIHI4] BRERRE#BEZA

Life-long (course) healthcare D=

BEPD - BEE

- ERERPD ERER) —

SEE - BESMME (participatory medicine)

Reactive (X iGH)T Proactive (% R 8J)T
Occational (& #)%: L) Life-long (4E89)7%
ExR-T7 ER-T7

FEMER - LHlEENDERH
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e Quantified Self
— KETOHEE)., Wearable Computer& &K+
DIV EREALTCECORE - TEEE=
2—9 %, HRICIEAD

ight from thur

« RILXRF - WiZ2COl ECG; EEG; Skin Conductivi ol
— TxYFhaunteoo o5 EHEE AR RIEKXFCOl [SYFELEr Y]
\ Ewﬁﬁ ﬂ'ﬁﬁiﬁ DI:IA Fr 0 L\‘EE§U
v CTEHTLHEEBEC] el
.;g;‘ge_n_ ) | enE-SHEY R, WERIE BB, BIRAR. ZOft)
—  ZDIEhH Wearable sensor e ;ggg;;e;ﬁm R emmear
- Bl Y— (Et%l) amssm
© AVTAZaATRERODMDAEE=2) Y W;gﬂ; mwey l
5420 F v IOIFE
PHR AZICHTS

g, EREDOmMHealthd 7O b o | . B
- HEEHMEFHILT (EHRPHR) v _ | hﬁ:.
L TFLLE—BEDY R IEREEM S =
- TS ERBTLEERONA | g

Pressure Sensor

ar” *Emvironmental Sensar " ¢
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"B+ ASISYIOR N AR—N
Predictive Omics Biomarker

B HREZ (Liquid Biopsy)

microRNA, TV — LR

— $RAS'RNA (exRNA: extracellular RNA)

—~ BRRE : BIbSmEmtt HREXEERAARES4%
— ENAAMEELA2— NEDOSET7OD Y + (79EM)

- M mIRNAHBZERZHT. miIRNAF v 7. BiobankZF|H L TEEKREE
%

TRIAHARAES Liquid Biopsy
~ RIREEEHRE (CTC)
— {EIEmMIRNA

— {EIEDNA (ZEHIRE) : ctDNA (circulating DNA), cfDNA(cell
free DNA)

~ {RIRfHAESY /M@ (Exosome)
- MAAFHRa—L4
M A DEarly Detection Research Network (EDRN)

— NIH, exRNADOTFE - F &
— NCI7f)‘“I%§“=s NADBEEIHR., stage | N1 A< —h
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IPOP (integrated Personal Omics Profiling)

Personal “Omics” Profiling (POP)
/ Genome and \
Transcriptome

Epigenome
— (MRNA, miRNA, isoforms, edits)™

I Proteome Personal
. —  Omics
T Cytokines Profile

Metabolome 7
Q Autoantibody-ome /

HRV Infection | {

RSV Infection |

0 4 21 289290292 294

-123
Day from HRV
Infection (D) -/

116 185186

207 301 307 3N

Life Style
Change

255 322 32936%0m0monm

Microbiome

MEEMNEA T VIR
TO7 74 IR
2% (Fouriera#7) 12
FYHEAFZIVIRD
Bl Z AN

sryangM w] 45 54 53

ll.bE 478) (53 IF\Eill
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{ to 15t

HRV Infecticn RSV Infection Life Style Change
(Day 0-21) (Day 282-311) (Day 380-Current)

Integrated Omics clustering

Transcriptome
Proteome RSV Infection — Healthy:
Metabolome Integrated omics

Full Reactome (FI) known pathway map
tor cluster:

( I) | Autocorrelated data clusters |

R

5 b N A% 2 W a0 e g

RSV

,

Dynamic expression pattern observed in:

‘ ANA O Protein ’ Both RNA = Broen

Example pathway:
Protein processing
in endoplasmic
reticulum

Example pathway:

Phagouomrs %a ’ B ® -

Example pathway:
Lysosome

Example pathway:
Insulin
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