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Big “Small Data” (n>p)

B

EEER - EFEHAE BHH: 10EEREE
— B89 : Population Medicine®Big Data
=>{EREEHT TEEHER R 5

MM FIEH,. mHealth, KRR

ESREVITT—43
Small “Big Data”(p>n)
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Population medicine® /85 % 4 LERih

— <One size fits for all>®PopulationEE (L (O Y L =42 Ly

— Personalized (Precision) medicine

- BERAMEEEREZZEIRT 5=-OIZ<@ARE - BAlE/ N2 —2> %
HEMIZERANS : ECETORETHERNE - BAllET T KA

Clinical research (B&ER#ZE) D/NTH A LERHE

— BRERMEEZRZICT 2WNKROETRRCTIZE AL IZfEHE L 7=

— <statistical evidence based>M#&hH 5 D X

— TR et - THER #MEFICRE NG OERKAR

— Real World Data: E v ¥ 7—42 5l 4E K (BD2K)
BIZEDERR/NS F A LDERR

- Ev I T—2BRIEDAEEMS

— BIZE - HEDReal World Data® F|

— Transdisease Omics, Drug network@®Dual Network Topologyl< & % Bl %
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R —4 YR80 &9 SHhigh-
throughput? FIEHRINE D B GEFHE

S2RTEERIE EEMIE E T/ LfEFRETEIL134E,3500EMH=1H,105H

]
2005~ NGS 454 (LS,Roche) | B e Genome
2007/8~454, Solexa (Ilumina), | L. 0
SOLID (LT, TF) i
]
]

S, N A
L.f--?_-_/__x_;i;'?_ _______________ N
HiSeq2500 Ion Proton
b 3 34 #1{EM #3500 M
E—-R/FyvT VAS & 2wl NwAVE S SEv RS> Ton Proton I
HRAT SR 118 27856 285
U—Rk& (bp) 2 x 100 2 x 150 200
>—SEHE(Gb) #9600 #9120 10
(EPaAEr ) & 2l i

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Hiseq X Y AT L 108K (B&1/5)

DNA Sequencing Cost: the National Humdn Genome Research Institute

= RXEA 2007/8
/L (BRHRE)BBOEST. FEROL—TDXRHEBZI TS !
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- - Ew 4 NIH “Big Data to Knowledge” §ti# (2012/13)
zlf_lfg%ﬁ(?@t?‘ﬁqmrﬁi* _“—/5( ACGM incidental finding list 56 genes (2013)
%E’f/l;:llgl‘iz?;?i kA o NACHGR report “Future is here” (2013)
= D= CPIC guideline, EGAPP guideline 2013.14
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BURDFER
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1535 TGIOEfA AR D B MERFREE:

NIH “BD2K "COE in Data Science, DDI (2014)
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7/ LEBRORYDERKRER
Clinical Sequencing

Wisconsin /MNRJERE (£2K441) 20094, 3F D BF,

2EMN B REAFHADIZERT,. BOW=5 & ZAITEBIRE,
JO—VmMEESIMN., 7—VROBBROEBEGFERLGL
2EM TLI0EI DN EIMUIBRFMETOINBERE ro— -
2UIRT, CHLLETSEENL A oT-(A. Mayer) tead
NicDEIFY U DOEIIERERS—I IUHRE K
MCW TR H 1 7-16000fDDNAEHIEE #EEIZHHT

XIAP X:ESEHT7 R —L RAEEZ VNV BEIR

ZTE  TGT(cysteine)—TAT(tyrosine) (2033 H)

THREF—DADEERF RERDGZHREIT HSEHORE
#BE hFETOE LT/ LBIITRESIATLEG
LY 3P aunNIneFoNIT—RINEET

Nic Volker

Medical College of
Wisconsin, Human &
Molecular Genetics

B M5 A8 (S M MAaTEHE) %325 (201046 F) Conr
2010 7B (£ (4281) 21, BEITN S ETIZEE L -, (malor mover of
HEFLEBEDBEFEEHOMBELEFTEE>TLS, the whole field, Topol
2010 N 128 123EES TLHKICRE - BFICFL—YYTE TMDU
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WisconsinER KE/NMNEBRERS LU

RED T/ Ls

—roedtert ;

 Baylor

=K% Genome sequencing program

NicEIZ#RNT (BE3IR FT64HI)
(Z%5:2R (nomination)
c HEEXDIRE - 2SR TE2MERE 7 EH

Multidisciplinary 2 & EREZEEETLEaA—
6-SEEDTEARA LV NEAD R VT
3245/ L,550 ET XYY — L 2015548%T)

Wisconsin
NURETS

7 A1) hiEEEE (CAP)S & UClinical Laboratory

Improvement Amendments(CLIA:CMS) E#E : &#)4}

T— A 21 : in-house®BIT

KRR 2%&F (T TIZERE?)

— WisconsinlZ# LN TERER Y / LBR S 24T

— J&MBEMAIZWhole genome laboratory £%37(2011.0ct)

— In-house TTL—45 VG IEERSH

— CAP/CLIAZZSEDRBREZEXRERNIZI B LTS,
ERDFEEFEEIZL > THIT - BRERS ‘ Y, il
° %@li?ﬁ\lZWaShingtonjtﬁs Partnerfd: E%@Oﬁ < TMDU
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The right drug and the right dose,

b the first time.
=] BJ'I.'. » e T O
Rt T

Pharmacogenomic Resource for

S Enh d
. P R E D I CT 7 D 7 I\ DZCZTCC):I’?S inCare and Treatment

341 B D EF|R BIEERCYPZ B 43| TE Chip
EEIDANF A —FBFICEHIRE T (20106 5)

8 HEO Popup

Clopidogrel Poor Metabolizer Rules

Genetic testing has been performed and indicates this patient may be at risk
for inadequate anti-platelet response to clopidogrel (Plavix) therapy

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 clopidogrel at normal doses exhibit higher rates of stent thrombosis/other cardiovascular events.
Tr is if not

© Prescribe prasugrel (EFFIENT) 10mg daily and stop clopidogre! (PLAVIX) startdate, 10 AM

Due to increased risk of g compared to clopidogrel, prasugrel should
notbe given to patients:

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

Cick here tor more information

If prasugrel (EFFIENT) not please desired action:
 ‘Increase maintenance dose of clopidogre! (PLAVIX) 150 mg daily, startdate, 10AM
 Maintain requested daily dose of clopidogre! (PLAVIX) 75 mg daily, startdate, 10AM

If not using prasugrel, please select a reason:

I Contraindicated for prasugret

Cick here for more information

T o |

that pr grel (if not should replace f I this is not possible
{or, use dard dose However, there Is not a national In this

N

gnERJTLILARE

BFHILTOESERT
BERZTSEYI R HlieHl
ATy FEBFHOKICASL

CYP2C19M L& T*2* 2D IHE 1

R BHHEEEHVE LD T (poor metabolizer)
mizAEEd %
HEHEREDODREFIFR+HTHD

DEEDIZBECF22)TZRT LIV
(Péﬁnn%174’ IVMIZEZRSHN

DEZE2UBICLAEEELTLS
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___________________________

RFRBBEROS M
D¥|H - EFAHILTT
Z4& « Preemptive PGXx

Vanderbilt X%z

i 2005~ NGS
| (454,Solexa,
 2007/8~

____________________________

Undiagnosed
Disease/R K&

ZFDPO

MCW/ R & Bz

il

SOLID)
' TCGA (2006)
 EREA A

CERIE |
| 20114 5 tHE]

Cancer Driver
GeneMD[REIFE &
MM AEIRER
Mayo Clinic

¥

B d)
74N

. Y — 7 LICCG |
| 2008BAIR DA |

T LAV REE

it R 2 2E (clinical implementation)

20084

20094

20104

20114

20124

20134
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BREEE L > 2 — (Center for Individualized Medicine)
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HEAUENAD ESAN—ZEDRIET

HBRENGRRINYT / LEEDY ) ZHIVECHIEEHT

E

45T

MNAZHEE S SDriver£ 2 L @FE 7% PassengerZ £

BAAT/ Lary)—F7 L (ICGC : 2008FEM )
S0FED M A ZFS500EFIDES / LECHIEEHT
2012LEEM S LR FEREWBFE > F-(HHLAE L FEILA)
FEBEATORDEE, LS TI000FBALIERE

TOMD YT ) LERDRERESL FEE
2RBEHICRYT/ LEIIBRH : L0AANBE (BEE) T 3~A—XEE
Sl &/ LEBZE (Preemptive PGx) BRED D ENE
AT 5“BMA T v 47 : Clinical Sequencing REFHEER TMDU



http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&docid=4bqzV7O9gj1ibM&tbnid=vCGyjPtDRXWxmM:&ved=0CAUQjRw&url=http://changeobserver.designobserver.com/feature/5-health-the-risk-of-catabolic-collapse-and-peak-fat-in-modern-health-systems/30458/&ei=g79lUt_oAoenkQWY2YDoDg&bvm=bv.55123115,d.dGI&psig=AFQjCNFA7f1ufo_nGksIqo3Po3eH_4NRGQ&ust=1382486216353063
http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&docid=4bqzV7O9gj1ibM&tbnid=vCGyjPtDRXWxmM:&ved=0CAUQjRw&url=http://changeobserver.designobserver.com/feature/5-health-the-risk-of-catabolic-collapse-and-peak-fat-in-modern-health-systems/30458/&ei=g79lUt_oAoenkQWY2YDoDg&bvm=bv.55123115,d.dGI&psig=AFQjCNFA7f1ufo_nGksIqo3Po3eH_4NRGQ&ust=1382486216353063

T LIAZZTYIR

EE—K
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MDAR;

H R RKETHEI TICHTDERRET

7 LI 3y o RESHSHRO B HERER

Wisconsin K%
- FERATBHDEEGREREDEH
Vanderbilt K2 fwBEPREDICT & E
- EFIRBEBEROSEME
Mayo ClinicQEgK7 / L —7r 2R
- BAABLUVIEBICHLGEGRERRIER
- 10BA A%/ LDB
T, BERICHD LS IZZHDERR
DFIEREBRBFHROMEEZEHMELT
MET—FIR—X
« Mofit Cancer Center (Oracle HRI )
- BELSH Merk & R D 2245

NHGRI Working Group® ') X k

Institution Major Projects Major Projects
MC Wisconsin Using whole genome sequencing to establish diagnosis in patients Alabama Planning stages for projects in risk assessment, pharmacogenetic
with currently genetic disord analysis, identification of families for further research
Mount Sinai . OYP2C19 ing f platel Baylor Whole exome and whole genome sequencing in Mendelian
unt Sinai ¢ Festlng for antiplatelet rx post percutaneous coronary disorders to improve glagnasis
intervention * Selection for gastric bypass surgery vs other wt loss means based
* Personalized decision support for CVD risk management on genetic variants predictive of long-term benefit from surgery
incorporating genetic risk info * 1L288 variants and response to hepatitis C treatment
Northwestern | Using pharmacogenomics evidence (from GWA genotyping) to guide _ * KRAS and BRAF mutational analysis in thyroid cancer patients
prescriptions in primary care and assess risk for other conditions Ohio State . Pevsonal.ued genomic med study of CHF and HTN pts randomized
such as HFE/hemochromatosis to genetic counseling vs usual care
— = = * CYP2C19 testing in interventional cardiovascular procedures for
Cleveland Clinic | Tumor-based screening for Lynch syndrome, endometrial cancer iical
ucsb * Screening for actionable mutations in malignant gliomas and Harvard Whole genome sequencing with integration in EMR and CDS; pilot of
glioblastomas for biomarker based RCTs 3 patients to start
* Targeted rx (such as RET inhibitor) of metastatic solid tumors UPenn ing for of Ml risk in ive C
based on tumor ion status program
Morsh S ing of 1200 i - St. Jude’s Pre-emptive PGx genotyping in children
orehouse Exome sequencing of 1200 early onset severe African American Vanderbilt 5 ptive PGx genotyping for ¢ 5l warfarin, or Tigh-doss
hypertension cases and 1200 controls " i
Duke * Computer-based family hx collection and CDS tool with 1-yr follow- U Maryland Develop and apply evidence-based gene/drug guidelines that allow
up for perceptions, attitudes, behaviors related to thrombosis and clinicians to translate genetic test results into actionable medication
breast, ovarian, and colon cancer praicribing decisions
Mayo

* SLCO1B1*5 genotyping and statin adherence
* Effect of genetic risk info on anxiety and adherence in T2DM

* PGx driven selection/dosing of antidepressants

* CYP2C19 ing for rx post PCI

Tumor-based screening for Lynch syndrome

TMDU
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2015

N - MCW NicEREFBAEEE WES
77 AE&E@%%@%#& XIAPG)%EIEE . BEETSHE WisconsinEfl K=
EEEWES@;E*JJ LI, - Vanderbilt preemptive PG B R > —77 > 24451
ﬁ'-*“PGXU)Ei*JJ (VU) (PREDICTE.I.E) F;ﬁy{:.l\ j(ﬂéfd:’f >/ €7 l‘
BaylorEfl K% @
Earlyﬂgcﬁlopter Mayo Clinic7z &
2k B S M
N
- - Ew 4 NIH “Big Data to Knowledge” §ti# (2012/13)
zlf_lf%%ﬁ(?@t?‘tﬁqmrﬁf =/ ACGM incidental finding list 56 genes (2013)
%E’f/A:llgl‘ize’/FTi T o NACHGR report “Future is here” (2013)
= D= CPIC guideline, EGAPP guideline 2013.14
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Precision Medicine initiative

BURDFER

T/ LIV RAER I TICHTOER
Jtz% TCIOEHEA AR D H FE iR R E B

NIH “BD2K "COE in Data Science, DDI (2014)
ASCO “CancerLinQ”, Cancer Common U
“Precision Medicine (Obama) ” 1 M genomic cohort




FEER#FHE eMERGEZ O 4 k

electronic MEdical Record + GEnome (NIH grand)
&T|F 1)L T H 5 phenotyping
- phase | (2007-2011) ERRRIRBFHD I A EV T
— BFHILT%FEL TERIKphenotypingd 4 & DR

— EMR : E&FRphenotyping & biorepositorylZZ 25 < GWASHI ]
gEH (EMR-based GWAS), ELSI{IE % &5t

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

fd: E 5 ﬁﬁ:x Group Health Cooperative _ Children’s Hospital of
° phase Il (2011-2015) BEAR LR voe 1y Eiim e
BFHILT EEEIE $|§0)ﬁ"ﬁ‘°“(§ Vo R G B e~ Pl el
s BFAILTADYT / LEROHKE | - | L) D) TP e

- PCxDERKICAICET 2Tz o | *;;.--»\
« #&2R [\t Return of Result (RoR) e W
- 45’15 %HheMERGE-II& Y inth %
« LW O D/NEFERE & Mount SlnallGesmgevw AR
- CSER consortium &liason i L o
— “Clinical Sequencing Exploratory Research” - ‘/‘J—*“/?A

NHGRIIZ & Y T &1L TMDU
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MK 7

12b2 (Informatics for Integrating Biology and
the Bedside)

| T EBLOBIERE

Fi& (subject) uhzE (predicate) BHHIFE
(objectg D I~ 'J 7 Ly b (ZD#&
RDF : resource description framework)
TR
- A bkOv &@ﬁ’*ﬂcﬁ"‘fbﬁ’dﬁi_l
L9 5. ‘—T#hﬂEl’] FEXE
- Star Schema:T—2 X—XXFX—7D 1
D, TOHIDIHET S
observation_factT— 7)L( £HINns,
tranSMART = FS R L—2 3 FILEY
EEMED TS Y bih—A
- tranSMART Foundation|Z & Y) BA%
'c"?f’L'CL\éT Ty — Z(GPLS)
DTSy b Id+—L: T—23—FAR
. EJ:JH? (outcome) FEICE Y KM ’&"?EH:.'
—rTy 7, $HF'9§lﬁ¢$ﬁ YL,

*ﬁ IEJZ
hVET BE (IMI: Innovative Med. Initiative)

Node

Description

Blomarker Data Measur’eme ts of b\oma ker’s such as RBM an {Ige 'S, gene expressions,
and Si

antibodies antigens in ELISA tes

Clinical Data Primary and secondary endpoints, and other measurements from the
study.

Tested samples (such as tissue or

samples were taken.

Samples and Timepoints blood) and time periods when the

Scheduled Visits Periodic stages of the trial during which patients are seen.

Design Factors Compounds involved in the stu dy dosages and regularity with which

the compounds were administere

Note: With clinical trials, this node is typically named Treatment
Groups.

Sample Factors Patient information, such as demographics and medical history.

Who (BETBHR)

NI, A TR EERE 4 i E DT

2 DRBEEFZKIL (Phenotyping) D fERE

When CEBZIER)

Patient Dimension [-E]ﬂf[lﬁkgy_l Visit Dimension
I (& 42001
PK | Patient ID Integer 1 PK: | :Racord.ID ntsger
1 Patient ID Integer
Gender Character :
P _ AT N7 Location Character
Age Real & |EE & Iiﬂ— / Start Date Date
Mother Tongue | Character
4 Observation Fact End Date Date
Religion Character other attributes
other attributes o \l| PK | RecordID Integer
PK | Patient ID Integer
PK | Attribute ID Character
PK | Doctor ID Character
0 PK | Creation Date Date
What (BHEDEIR) :
L Value (Character) | Character HOW (@\{é%\ @{é‘%%&)
7 & Value (Number) Real
Concept Dimension other aitibiites
Provider Dimension
PK | Ontology Path Ch
o PK | Hospital+Doctor ID | Character
Attribute ID Character )
Attribute Name | Character Doctor ID Character
= == — [ttt
REEMIERORER (CHEE Doctor Name Character

other attributes

PathZfE S D THERRZRN'E]

other attributes




ERBEEELTO [ERE YT T—4)
NIH TE Y I T—2 M o RN~ &TE
“Big Data to Knowledge” (BD2K)initiative

- BD2K: "Big Data to Knowledge” Initiative BA3A
- R = oHIZ&KBDT /L FEVYRAEERDERIC
LY. BR—7TVDRFERBREOKR=ILBIEICHIES LTI
R Gta
- HREBEDES2013FICIRE, TEEEF2014FEM 5

— T—A3HB2D=HDEIRE (Associate Director of Data
Sciences) #{fd@s Bourne, PhD.

o Franc:|s CollinsEE:iX NIHEIR{E CTOESLETH |
MEEWEICERZDEEZEZHFED. BRI XRT 4L
EDEgT ggléﬁﬁj-é
- Ev I T7—2DOBKIEEIE L] (Collins)

— NIHMNCDEGZEY LTS, BRLAGRLG-T-T—431EH
Lﬂ?é?btxwﬁA AICEZBNLG®RIZR-T,




EXERELTO [EREYITT—45 ]

c T/ L F 2yl AERBHROEEMNEEZBRELT

- %ﬁLerfﬁﬁ L'CU%’T/A A 2wy AEERBRHRD
KEVZEEEAN BRIKY / LA Sy RXEHEDB

: NIH . BD2K0)2014E0)Granda L THDDI ({E#& L)
- BEEICBITST—32REZFNDEKCOEERIF
* 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
— ZOf, aAYET7KE, A1V /A KREGEL1IEHR 32M$

— Data Scientist A\MBRADFEEE
T — A F R 35| DDI (Data Discovery Index) Consortium
« Data discovery index coordination consortium (DDICC)
T—AAR—ZXAZ 0T DOHE - Pub MEDD DB

- UCSD: BioCADDIEZHlMZDDIRAFE D ElE ZE 3

— BiIoCADDIE : Biomedical and healthCAre Data Discovery and Indexing
Ecosystem

© REET TICEBMISHELTWS, HhAEIE?
TMDU



Ly
A

Initiative Z Bl

Precision Medicine

A /\< K#%4E

TMDU

1A X¥rKmE—H

20154



Precision Medicine & [E4q] A

BADEELEZER - RIEFRRAICEHE f=(tailored) EHE
One size fits for all MPopulation EE & TR % S

s  EXIX. ERIELE®RE Personalized Medicine D& & T 57 LVAY,
B L TW=DIFEZW AEOEANETIELZCERIETHS Z & ZHMEIL

= DHL5E : Personalized Medicine M ZE SN L 108 FEFE > TV S

ZEREY T T—FERDOIEIC L HERIEERDILR

(1) BEEREAXEREEITEE)ERDRF—TER
SNPYOZEE (Genome)f= [+ THE K IRIE - £ FEEZER(Exposome) DETR.
EREREIT2ODODERDHEEEAZRARICHE, EFHILTOERKRERE
(Clinical Phenome) £ & B RIERICIEIFA AR, 3 DDEEDEWR
(2) BHEAEE=-Z2) VJERODIIE
E/31 JLAJL A (mHealth) - wearable sensorlZ & 5 X E#EEIERINEDER
(8) 7/ LaR— b - BiobankD EFR
Precision MedicineZ==X(IH9 2&E L LT, ¥/ La7R— F/Biobank S ETH D
Z & %FR# . Real world data® E 1R




ObamaXiftfE— AR FEEHE

Precision Medicine Initiative

+ 2015F —MRFEHBSTHEEK
- RBEEE. BIMtER. EMNEEE
precision medicine M #E

— 250{8FH (215M$) DT &
« 130M$ : NIH, 100 AOa7Fk— F
« 70M$ : NCI, BAD FS A4 N—%E
« 10M$ : FDA, T—A2 N—XEH
« 5M$: ONCHEZEERRHME,IEER privacy, security
- 1008 AND7 / LaR— MR o
GXE FHEHEE/EH F.Collins '
— mHealth? &
« ASHG CKEAFHEEERZFZ, octs-10)
— Fransis Collins PMI # &= ' e B8
~ ah— bk BMICHEBA AR T WA




Biobank& &/ Ladk— k

« NAFNRVODOBER-HEEDEL
- Ef%iﬁ%@ﬁf:&)O)EPME,—’JIM‘DE@T:E%%O)E*M%ﬁs WMEEY /7 LIFRDYL
S
- T/ LAy Y RERMEER. BIEOFHRER

ZEEEBioBank : £EHA - £ KRR TERERBZEFOMENSFI/R (V' / L7
E) EXNICHIS TS HBRARTE (BRRE. ERER. LAE. FHE. RERA.
BiREE) OIRE. KE7/ Lak—+

— EREFFHDIEHRERE
Population& BioBank : @EERIF Ea/R— b+, FAEFBFORBENS FIER (7/
L) LERRIRIEIEHR (exposome) #&EHT. £EZFEHT 545/ L - ak— b
- FrKdBiobank

— Z[E UK biobank

505 ADEEH, 40~69% (2006-2010, 62M &), 2011-16, 25M S

BZT—42 (K- R-EEFTIL, £FER) 258H. BEERKRZEHT 5,
— ZEE Genomics England,

2013F18. 2017EE TIZ 10 ADS / L BEFHIINE,

RUORRIFHDEE (BF - Rk . DARE. &ZYIEEnglandD#H
— FxM BBMRI (Biobank/Biomole. Res. Infra.)

250LL £ DERIN & E DBioBankZ#i &
— ZFZ 245 Lifeline

165000 Nt EBA S 2  2006%FEEIE 30FER DB, 3R aKR—F (HFEH)
— Precision Medicine Initiative Genome Cohort

100 BADT /) LEEDH B

TMDU



Biobank/4 / L3 ik— FADHARF

s REBNAANDIT /) LaR—Fk
— BB ERE/ N — > OFE#ERFE L

—JEwRET /L AT YR

E=EDBE S

- f#EE (population®)aH— k
(1) AR ZE3R— FORMAICKY REZRRBE
REFRERR XY

=B FERxREEFTEEER

52D+ A 1EH z= 5 {fi(exposome)

RUESV1IK | e gyl

MEREMNOEBRIEICESBIE] Z2HUNE

rﬁ'ﬁ?ﬁ'] EEZHIREE ] (vulnerable period)[&EE

= SEHERBIEDHEFE

= QOLICHEEKFMIZHEER

TMDU



HHETD
T/ L A2y RERDBKREL

Eﬁn%’é%lﬂf'ﬁ TS/ LEETH AN, W OIDEEREZTY /
- I = J7Z|:J§75\u'tﬂ"c“1’bfl,\%>
F’T/ LEZFERFHEERES] (PREmE) 2015.7
[EEEFERIFIERSE0.18) | NGSEREAEY L 3 vIC
ZBDHRT IEBRRICAZEN L TUL 201255 ]
TUr— MERMHEK, RRXRERT / LEFEV 22— E
25% R EDREEEFEE
AMED : IRUD (Initiative on Rare and Undiagnosed Disease)
PHEREDRRELGFZIRUDISRIENEE L TETtE Y
B—N—ro T, Dk, DBILT %,
X EUDP, % EDDD, 1+ % Forge
MNADRFER D T2 & EREAE
— ERA AR Z—E A
© FIAN—BEFOZE. »FEMEDRERITIL—TICEIAT
~ BERINAEVE— ERRERBFONBENTOD LY b

) LEETIH., KEBEKEEIToNTULNS,
LA L. Biobank/Genomic Cohort TIZFEAED KR
[FTZFNIFEENTULIIUNVEELY,




EvdTF—3DE3INEXR
MERAR - #mEE - Al
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EvwdT—42 LHERES

*  The ASCO (KEERFKESF) CancerLinQ initiative
— BEOBRBEEHR)MN O RKEDZET —F LD
— FHLULERRBEBRADHA FS 4 ERK
— 17TBADDAEFT—ER—XZEBE, EBPAICDOVT I ~2FANDESZE
H5

~ BEIRTLEBELBEMBZMGEE. —a—0ORy FEEELTEE,
BigDatalZ & T % Learning system® 8] X 1%
— 2013%(Z., CancerLinQD 7R 2 A4 T%E/. 108 ALULDENA ZETE.
SEERIEAN R GEE D
- IBM WatsonOhAE 2 —~DER

— Memorial Sloan-Kettering Cancer Center (MSKCC) & WatsonZ &1{&(ZThe
Oncology Expert Adviser software (OEA)BAF

— fthiZNew York Genome Center & glioblastoma (') 7 SE#HREAE) &N AL
« Cancer Commons initiative :

— Rapid learning® 4 > 7 5 &{&

~ B8y : BFEOERES & RFO B ZEH

— A% D HEFED Donate Your Data’(DYD)Z §%
« Google X project, “Human Longevity Inc.”

IBM Watson
Learning Big
Data

TMDU




[Evw S T—%4 ] MData [RE

FER  EBIEERPE)>Y > TILE(DN)

v

mﬁ%tﬁé%é%Um£r§<f%ﬁﬁsﬁﬁﬁ?

o o O
f oooooooooood
i o o o o o o s

OO OO oo

CNOBREEEHERN TR THIALELIEE YT T—2 DEERERIE
AlHE, BEESRETOFET (GWASDManhattan Plot) L ANBIRETAL LY

1

Ey I T—3 G RMme R /\— R

EvdT—42I1d. ZHTHAINBEMEMES K Y DL WVEIIRL S A
HE L 7> T, #HEIZModificationL THER SN TLVS,
(BRI DHTEIEX, Yo TILEEEHITEMT S)

Ew Y T—32 RHEH TMDU



Ev 9 T—28HIZRITT=
2DMDATITHIEE (Al) AEDEFF

- BIBRIRBNIE . T34 =T BEER#HE
%@ﬂﬂ%#ﬂkaﬁﬁ

SAN—RETYVTEREETIV) IZ2£D
T—R 1755 HEM [ RTEL ] (L IERIYE)
« Za—0Oxvw TJ—% : Deep LearninglZ & % 4%
HEHMEZBA N =XTHEN
=Deep Learning® AutoEncodehé e
AW EEEMGILR T
LUV 24T - Tl

TMDU



£53 HY &0 Gk AL 2
K AHARITEHLDIERE

i

m

AIN—R¥#

PEEDERIRS T L
X = (21,000 2p) EBSIRE y ST 07 = {(g1,x); = 1o} BROZN=RRE
n—I—ZmIJﬁJ—Fﬁ, 1=1,2,. \
, N #(3,=0)
Lasso(L, *‘IEEJHI:EIEIJ 5 4)
Slmu — arg 111;11 Z[y — xT,B]E? subject to XP: 1B;] = t.

i=1 j=1

i _argmln —||Xfi’ Y3 + An Z|i’|

e g - P v
ptima

BEORIN_F FREIE (4 xtE) EREHIR
(fExtE)

HEDEWVG (012 5=>FHERERTHELEAELNRIFICERTE S

FRAEZER - Lars7IL3) X L(ANExoh 5 iE4), elastic net, adaptive lasso, grouped lasso

TMDU



GWASERRAD X /\—XETILO Pk

Missing Heritability & GWAS X /\—X

Rare Common Disease \ Traits
100%
SEATEEL
60%
a HEH
40%
20% -
0%
P G A U VN G A
N & / 7 ép e ) &
&) G §’ W oA F & &P
N 19 & R N & 4
& 4 O
A >

= ﬂ:explained: 2explained /hzall <1
20%~30% L M ERBATE T
m HcDREE
Gene-gene 8 E{EF
MRS Fry FT—0 HE
Gene-Environment $8 E {EFB
HEERZ 1 THEH DA Tl
thOHEEERAEONR THEX

E.Lander; The mystery of missing heritability: Genetic
interactions create phantom heritability, PNAS109,2012

AvXLt

Effect size [

log, P
O i N N <
o

- -

TIL

|

UBE2E2

CDKAL1

KCNQ1

C2CD4A-C2CD4B

Chromosome

ManolioD % A 74 5 Ls

Missing Heritability

Low-frequency N\
variants with
intermediate effect

t‘_ ‘-.-'-\’

FLUILHEE



FRRGERAIN—RETILOHFE

GWASA~ DI FF

GWASIZ & 1T 5gene-gene interaction® Y Y 3A 7
(EIREHEEER)

— Correlated SNPs (Ayers and Cordell, 2010)

~ R AN S SIZEML . false-discovery rate (FDR) A%
B < 7&7= (HeandLin, 2011)

— PathwaylZ& ENTULVASNPEE ITHEERZRH S

(Lu, Latourelle 2013)
EIFFREBEITJOIT7A4IL~ADILHE
— Biomarker (ZEMRIFEEF) HEAFELL
FRESDITIZR/NA—XRIEAIE
— ERTDERNBEZICED
_ REEIME Qa(11, X) = 5 tracel (X — 2] ) (X 2y DY pallng
RIS T ERNEIC & U RITHEL "

TMDU



Deep LearninglZ & A E B D1

L
LL

B fgNeural Network(1970F %)

Input Hidden Output

o e o weights
layer layer layer inputs

© 5—()
> = . d x> .——
Input #2 — ~ % s . 2 G // Out
Input #3

DX X ‘ ‘ + Output X3 -—-
g KR y . - transfer
Y\ N . . function Transfer
o X function
Input #4 — \ " @

% [ENeural Network & Back projection (1980F 1)

Input #1 —

IE T Inputs Synapses Synapses Outputs

Bol  BNDE | BNE Input Layer | Hidden Layer | Output Layer Back Propagation (1986 Rumelhart)
ZFLWENEDREZHEMES
ELTEADEICLY., REICH
BRBELTILSE. REMICEL
WHANEONEESIZT B,
HRERBEEZA DT EFE LS,
CDEBAEIZZ. BEABTE
(BEE) MEDNS, HABA
HFE5DEVN/ —FOEANEE,

a0 >
o 5

EWBHH=1—0 D

TMDU



Deep learning : BIZENSD;EH

o BIEZ KSR
— Ei§14%, $92000/EA ($1.7B) OEH
— HmEltEIN=HEDFELD
— BIZE(CEAOTHIR - OX FEER L=

- Kaggle (7—4% %4 T2 RA5HE)I“Mercktt A H &E

Molecular Activity Challenge (2012).

~ 157 =%ty DO EG - A FOEYFERIEEZ FAIT

HBETIDRAEIVTA B

— BRI LI=ETIVEFERRESFE deep learning ZRHWLV=ETIL
« Google in collaboration with Standford (2015)

— Stanford %M Pande AR E & HRIHE

N—=—FXILESY TR == TIZ1T 5

deep learninglZ & %Y — LB

"Massively Multitask Networks for Drug
Discovery"

Softmax nodes, one per dataset

\v

Hidden layers
1-4 layers with 50-3000 nodes

Fully connected to layer below, rectified linear activation

Input Layer
1024 binary nodes

Massively Multitask Networks




Deep learning & ZHF L LyvH

Greedy Layer-wise Training (2006, Hinton) D=

1 (1) BAIC THERLT—41 #FALT. ELAV—DIRSA—4 % !
l —B¥ o, '
I (2) BRODBEFEETIBERFXANEERLELERENTTOANE :
. B L—BT B & 5(2/85 A—2 EFH. '
| xEAN. IBEOERENE! TOBEROBEEG ; o(()E |
I HEL. xEg(fX)B—HT DL SITN\FTA—3%FET 5, |
l IRS5 A= B+ R EBRBNIETOANEZOEERT LS55 !
: AT ENB(EEER) . NSA—FICEALENTTEETS |
: CElzkY, PEVDRBATANOERERRT 5L 51T/85 4425 |
: MEIhd, ANERERLECKRBATES &S5 HEMA L, :
: EFXNGRFHBEHRIRGE SIS, I
| (3) autoencoder : ERENFTTREDESICEED L SITEETIHE !
| (4) E—BORAFEREFEE L TROBBOEEIZAS !
| (5) BEROBHIHEETENE, BREYEECHERT S '

h’©OOOOOO) input: X code: h=W" X /IEEIHI:IE

Wi W' loss: L(X.'W)=||W/7—X||2+)‘Z,-|hj|

x ©O000 QOO0 #

TMDU



Artificial Intelligence-based (Al)&lZE

BRI FEIR & Z MRS
— WEYE D FIEMNDER
- Virtual screening & &R ¢
—~ WYL EWIZT 50 5 REE
— BFZEH - ChEMBLIZX}9 % deep learning
- 13 M EEYEHE (ECFP12), 1.3M £ &1, 5k ZEHI1ER
- Ligand-based 2% B, 7F& D FlliE & AUCHLER
- Deep learning: SVM, k-nearest nb, logistic[ElF % & # 1L
- Deep LearningTHEEEMEHEBEEZFEITS

- HEEOME. FEREO N -

LR T T o ) ﬁié

- Ry FT—HREE LY ORIEBE << ) 7

MDY RT ANDEEEE, SR |
m‘?.fc e et gt e i« phacophos

1IVVLOU



AIN—R i imBI R Ex

AIN—ZET)LE £ Deep Learning+ R
TiENHEREEZRRT 0L VY
%‘L—\%ﬁ’i*ﬁmT:&')O)fJiERE"JJ?fEIZEL\

1212 LRESRR DR ITHER & 335
/2

pa]
X

T,
MERRTFRECERAnICRE SN
5 (MEHREEn DR T—2%%
HEDNILEDDIZTEZHENEE S,

ggi'G‘O)Open'l‘i(open-endedness)75“

Naii

S

Diagonal

o
~
@

Mean ROC AUC

o
=~
(s3]

10 20 40 80 160 249
# of Experimental Datasets

TR MBI B & NERRI 7 HEHY
REMEMLEERENLFET S

TMDU



ZDIZHMDAIBIZEDEEE

Bergtt MAIBIZE
— AlZHZEE L TERNADIMD AR ZFHFEF
— BEANAAVLEBBDILRDT / L - F 2y AERELR, REFE/ X0
ADYRTLETE
— VRATLEEZFMAIZKSEIE GEEAH)
IUF T RAA—KE (Cambridge& % #[[E)
Artificially-intelligent Robot Scientist for new drugs
— library screening, hit-confirmation, lead
generation’ss £ D HEHME
— Quantitative structure activity relationship
(QSAR) FEZER1ET S
— Deal with B&HR. HFEAERDDHFR
(PE FOEEETTER - BRI %=
BRICLTEE. ezt SREMFIRE
~ MEFHFEEZFRF LAHF) ZDRIZMZ AN
— I LEfIl2art T FKR (“root: assay triple screen”7i &) Robot scientist Eve at work

standardized synthetic
hology assays robat scientist

i —
(
-m::. - I"::;': _,’n.'nnﬁm:mm ) FEHT:J ~ @
TMDU




Ew 4 5F—4 & Real World Data

RCT, EBMA 5 D IR #E D &K



FEITOERVAT L
Learning Health System

#LWEPEFIENRREEICHSNDSE TIIE
fRRT —2ZzAVWTERZXRELGAERZHE

IOM “Clinical Data as a Basic Staple of Health Learning”
ERVATLOTOZILE (TR FBRADIERTH S
W—FUOEERTIMEHONET—2 (BRAWEBERMAREE-LT) M
LHSZXZ 5B TH B

T2 EBTEELICE>TEELTERVATLZHE

RCTIE TEEE%E| THEIN., BEDERVATLOATERESINTILNS,
EENEREMRETHIEBEEEAZHLRLTLDIDD,

RCT [j: H% Fﬁﬁ bﬁﬁl‘ 75\ L) % % :FJ 75\ 75\ é Digital Infrastructure for the p— ; . —
= — s i . est Care at Lower Cost: The Path to
ﬁ 3(%)] fd: %[I Eﬁ 0) % *ﬁ 0) iﬁ |§ b‘ 7][] iﬁ g é ::Z;'Z:Zo:ez:hciﬁ::z,u?e Continuously Learning Health Care in
Improvement in Health and America

Health Care

|OM(Institute of Medicine)® L 7k— k
20074 IZEBM/RCT (HE{EAGKER) (<
EHBDINTHFALELTRE




LHSD K Z*EHI BioVU
) LEBREEFHILTIHERZRAL:
Vanderbilt KEEREDEERER S XA T4

BFHILT
Synthetic Derivative : EFhLTFhLESIE
VANTAGE _ BioVU FRARRBEDT—2R—X 23054, Optout Fz=
INAFINY 7 ) LT—4
DNA+I 3 (17.57544) HRFADH . o N
N F NV ) LRI FEN
BioVU : Synthetic Derivative & & #E AT 5275
Synthetic Derivative Genome DNATE#R
E &b Sh1-ERRTER (23075 45) >< VANTAGE Core : ##&17.554. m&R

- ‘ MSDNAMHH - 4/ LI, A F NNV EE
. EE&Optow)
PREDICT : BBERLARILOEEFETERIZEY.

I — EYEIERILG EZRRTEHVATLEALD

FREEEEE B R T LIk Y MIHEH L TERY 5

7BERT LIV (i) OEEFESEE L TABCBL, !
. CYP2C19, T 5ITPONIDEEAHMEN TNV A, E FERER !
Nl E LEBRRBROBE S >f. SO D EBBEBT '

clopidogrelD# & 5EDOXEE (5F—RE#) Lo rO—)L

HZEW, BUVUNLBREZERET 5. COKMHICEHI D |
| 7 —ABEE255M, TR, CYP2C19*22L ABCBIDEE(L |
| A=, PONLIFIFFEAHIBAL 1=, 20 TNDU i

BE




ERle (Brlie) EERO#=
2R ERCTORR

- &Rt - EBRMEDE D =RE
- RCTD;AEREH & Real World Data® 3 &
— IRTOEMENZ—2ZBE L AREFIFIREIZIXA A6
— REDREREH
« RFDRCTIFERIREDHD [ ATHGIRIE ]
- BEE - EIRIIVEL, FRRTIXEAELIZTEERIEENGL
- [FEXAMITETITY b T +—LDHEIL
— BEHIIEVReal World BT —42 HNIRE AT EE
>T—2DKBEEELD [HHERFS
— Real World Databs XD 75w b 74+ —LZEZRRL
= &1 &% 5 3 1A5KE2 TReal World DataZz{# 5 H
(b ARIDH)
— EAE DR EErIF21T BioBank®d F A B R

—> BioBank Real World
RCT (population/disease) - LHS Tmu
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15~ 174

BIEZK S

- EESORREDELX
- 1TEERZLHT HDIZHI700{EH
- REBNEDED
— 2A~3B5D 1 DEINE
— &L [ZIERGRERER D 5 ER R A B ~ D ]
— phase |l attrition (55 2 1818 %)

¢ E RESF Al |$
EERFREBIEDTESLHEITREVERETO., 5304 - FEOFE
¢ F' ¥ A |£E0)I"1J:
~ BEFOIPSHEZEES

N N - (f8F3) FEHRR (EOER) —o— FRERRE (EOER) - (%)
- BEbOEYST—3ZFES 1333
1274 3 -
12001 | BEOTWEFEERI10HD | | (05 = ek
L& BT ERRE AN S P FHTAMRR i 2014
(B%h) BiTTERHE T 55
e | 0- ot
2=3 652,336 747 A |
209
354 203 1: 3,213 sgg 612 621 — 19.1
6001 530 mmy NN M /1-53/75_9 182 15
— 75 1: 2.71 1: 8,698 : :
127 138 142 142 10
26 1: 2.88 1: 25,090 ]
1~2% w 300 L
21 1: 1.24 1: 31,064
o o

MEHT—42011 2001 2002 2003 2004 2005 2006 2007 2008 2009



Rt

I v REIFED]

ZHRIFEMEEFFEI (Drug-induced
SDE)
— CMAP : Connectivity Map

HRREICKHEGFRERBE IO 77/ IILDEIL

- K[E Broad Institute,13091t &%), MCF7,PC57%; £5 i A
IS4, 7000 BEEFHREBEITOT7M4IL

- Signature Bz FHIRZIN : EEMHRIREETF)
Signature of Differential gene Expression

- DBFIF : BRI Equery, B RE TELIEDE LB
Il EMERT
RIRFENERFFIH(Disease-
associated SDE)

— GEO (gene expression omnibus),
- EREEROEGTFRIREIOTI7MILOELL
- KENCBMERL - EF 2A5FXER, 7078774
- ArrayExpress HEBIAMER. Yo TILHERE
KEIX. #FRry bIT—v ) OEREFRFRN gene
EEENEER (BIHK) .
BEFREBE IO 7A4ILEL
=HFrY FI—9 %k TMDU

v

subject

NN




EFRIBIJOIT7AILIZCK B

c BRFREBRVITRTF v 7HEAE
(signature reversion) 2% ... (0 T

' ‘EE % //sll

| EEBRMEETREL AT v T — I
| EEBRMAETRELIAFYT L = e
_ EMETE  mENEICHEET S f%getgs

— Non-parametric 78R8 R E T 51

+ Gene Set Enrichment Analysis (GSEA) : ES score GSEA
c WREHRLTIBEZDTon-ELRTF) R O LEAIC
ZELTVWAIDRE

— 5l - REEMERRERZIBDIZ s *“"‘ﬁ'](toplramate)
BHREEMICIILY —ILE r'.l.._....

(O]
BIOLOGICAL STATE REFERENCE DATABASE CONNECTIONS
OF INTEREST (PROFILES) + ; t -
(SIGNATURE) Q:\ Q‘r}, 0? Q‘B. 05\
- ﬁé ‘Eﬁ Eﬁ B &
\ up Y ﬁ \
~p ; o =
> S - . | Disease signature
' Q . Query ' '
- i s . ) = B Drug response signature
& : ;
, : : : ? -~ B
" : negative
S TMDU
positve  positive oga




EBEEFHRHEIOAT7AILICKSEE TR

- EE X guilt-by-association
o FH|— FEHIE

— Connectivity map H b ZFFEMNETFRIRDEF|RD

FLEZ/ DNTA ) v O BEERE

(GSEA) T &

- COBBMEDS LITEARY b
T—VRE. ERENICEYDR

— Bl =S ) 7EIE Y B —URICERG

¢ ;fiﬁll — ff?ﬁ ]

-
(=%

o
w
c
g8 0

- EABRMLITRFATE
- RERENSIRF TN
— J NS ARNYyHIERE IE

B Drug Aresponse signature

Drug B response signature

- =% - BMEROF A

TMDU




EICM T -
Drug Repositioningh 5
BIEAERZRRT S
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Drug Repositioning

E FTOREM EFARBEN+RFIZHMHDOTLND
BIERZPEODEMNDFOERNRD A LG EE, K&K
By - SRIEEY - WEERIICER T S EITKYBFLLY
HENREZHER L., TOEZRDKREAREFELLT
ST 5 Bl ZEE AR

R

(1) BEARBELGDT, £ FTOREEPERRNEREG EHBR
MTERAKREHBR TPENORIEACKRANERRDOMEIC K YRR
MNEET BRI NDE K FAFEDOREENFL

(2) BRICHAHT—F2 PEl (BYMTOREMET —52 PHEF
DCGMPEERMZ E) ZHBAATH LT, HEICHLSD
FFRIE IR FZXKIBICAIRTE %
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° JREH

110y Drug-based (drug-centric)
EmDEE - FEHOEBEIC

EDVTHIDOERMDENZ Tl

D L EYDILFREE - FROELE

@ EYRERDEGFREEIOTI 7ML

11y Disease-based(disease-centric)
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mKERAY FIO—2IZEDUVEDR

o HEEDEEIARZR nosology
— LinneIf&E300FEIZCHE > TRIEBIZ LK B EFSEE
— fEzR A - FRERL R R DR E S TR

c )L AV RAULRNILTOREMEIZEL D
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REDRIMEFIZHE (TSI
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Transcriptional Profiling
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IPOP (integrated Personal Omics Profiling)
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