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~B) I =95 RTF—B QREE S~
<BBHZT—3HELHEERRELES >

REDEEERD (€Y T F—4 ] e
Big “Small Data” (n>p) 2 oooo

ERIER - ZFEECE B 10BREE | | BoEo

l (I

— B8 : Population Medicine®Big Data 0000
=>@ERZEDHT TEEHER 2R 5 EIEEE
BROAFEELELEOE v T—4 =EEE

Small “Big Data”(p>n) Bl —»

OOO0O0O0OO0O00O00O OO0 O
OOOOOO0OOO0OOo0Odd

VBRI 57— 4% BB AIEEEEEEEEEEE
BHEICHEARTEAEE DEEEDOHETFENES coooooooooo
[FINPRIRE] | 2 E ST .GWASTHEZEZEMITDIES
— BH : B R IXEEDIEEPersonalized Medicine
SKET—2ZEHT MEARIE/N2—2 1 DZHEMEZREHT

LT —2RFORLENR
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Population medicine® /85 % 4 LERih

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

— {ERIMEE®E “Personalized (Precision) medicine”

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

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

— BRERMEZHRZICT SUKOETRRCTIL BERMEBE RS L 1=

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

— THER] #HET - THER #MERICRE NG OERKRIFR

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

- Ev I T—2BRIEDAEEMS

— BIZE - HEMOReal World Data® #|

— Transdisease Omics, Drug network@®Dual Network Topologyl< & % Bl %
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REX—H52HDA \D bk

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 !

TMDU




KXEIZHEITET / LEROKKE

E1HED (£EFH) 4/ LEENFID
,jzo)zom,ﬁﬂu.m\ﬂﬂaﬂ 20104F [ZBftA

(1) [RARABAF X BIE B (undiagnosed disease)
EEEEFOEEDEE T(POC) D
KRR —T VOB REURERZRITT
Wisconsin ERI KETHEI T — L
ZHORSEROZEEDRE
FRIRDIFIE TEFHILTDELE (ZEXIE)
Vanderbit KRERED STl 7 / LFEE

%) LER : PROFBRSNEEFOLEREASRBBETF7 TO—F T T
= GEEFER] TIHHA T, Hoh LHERERTFEROT, WRNTT—
SEENLEY ) LRE (5 LABRIT TO—F) CE->TERERETESTH
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7/ LERMH
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<: -"‘Tﬁ‘%'T)l«:i"JX‘A 105 NEBEWGS

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

)L AIVYIR
3 DNDIN

ol

D

| 2005~ NGSD &S | 20084F
| (454,So0lexa,SOLID) | ...
| 2007/8~ | 7 LRI DRE
= U REm | | Hapmap2002Ffts 20094
""""""""""""""" NS Ao ) - T I ——
Undiagnosed """"""" it ' | T?GA (2006), EfF !
: - e o ; R AVI=EDVEDD 4 20104
Disease[R &l& XRINHERZEME | Liccoroos o |
= F DPOCHE BFAILTTES | BR0UNSHEA |
MCW/ R & Be Preemptive PGx 20114
Vanderbilt X®@BE  Cancer Driver
GeneMEE &
HASAHIARER 2012%
Mayo Clinic

@ 20134

T LA Iy REE

it R 2 2E (clinical implementation)
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Wisconsin K%
- FERATBHDEEGREREDEH
Vanderbilt K2 fwBEPREDICT & E
- EFIRBEBEROSEME
Mayo ClinicQEgK7 / L —7r 2R
* PGx
- BPABLUHmEBEGRRRER
- 10BA A%/ LDB
T, BERICHD LS IZZHDER
DFIEREBRBFROMEZEHMELT
MET—3FIR—X
« Mofit Cancer Center (Oracle HRI )
- BELSH Merk & AR 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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2005~ NGS#Z15 (454 Life sci)
2007~ —H U R E

2010

1 HA

2013

Bil{%
‘ Al 1

g2

EENDHEEELEYT - T—4

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
E R k/£EConsortium
Ber 21

N

FNTKEEH FEHE

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)
&+ 71)LT H 5 phenotyping

* phase | (2007-2011) FRARFRREBFHRD 21 EV T
— BFHILT %ZE L TERFKphenotypingd % & DX
— EMR : E&ERphenotyping & biorepository |2 £ D < GWASH AT GEH
(EMR-based GWAS), ELSIEIE & #& 5T
— eMERGE-I: Mayo Clinic, VanderbiltZ X=, Northwestern X=7%% &
5 Jfax
. phase 11 (2011-2015) FgRR=EZE " T
%jj ) I/T & E{Kllﬁi&d)%}ﬁ'& \L,J\,”'Vﬁ’séwf , Heahhlnsm:ute% N V‘.‘vlum’-:ersi o - oston Children's
« BFALTADYT I LEROME [ [ 07, I et
- PGXOBRGAICET AT TOSLS bl U B
- #E£E[E{T Return of Result (RoR) AV RN AR e %4
— AR MeMERGE-II& Y D4 3 ¢ | L7
© W< OMO/MEFRKREEE Mount Sinai/Gesinger ) Sland L
- phaselll : 2015& YIrFE S . Al N e
° CSER COﬂSOI’tIU m t E 1:% Hospital Medical Center Usveray  Goordinating Center

— “Clinical Sequencing Exploratory Research” 2 > —<71
NHGRIIZ & Y FE1E A'-MDU



ERBIELTO [EREYTT—4 )
NIH TEY 7 T—2 D o HEA ] 5TE
“Big Data to Knowledge” (BD2K)initiative

- BD2K: "Big Data to Knowledge” Initiative BA3A
— KRR — HIZEBT LTIV RAEBEDER
— BRRRY—H VD RAEREFORELEREIC S L THREILE
— IR EDEE D 2013FITIRE, FTEEMIFI2014FE M 5
— T—A3HB2D=HDEIRE (Associate Director of Data
Sciences) ZEEIFHOHEFEN SEd Bourne, PhD.
« Francis CollinsEEBiX INIHEIRE CHDELETH]
~ AEEMEICEBROEEEFE D, IBHWICIEXRIT IE
ﬁ@gﬁ?_g giéﬁﬁj_éo
— TEY I T—2DOBKIEEIE LT=1 (Collins)
— NIHBNZDEGZEEY LTS, RAGRTE - -T—21EE
2T BT EADGRE - I EBHNLEEREZE-T,




EXERELTO [EREYITT—45 ]

c T/ L F 2yl AERBHROEEMNEEZBRELT

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

: NIH . BD2K0)2014EODGrand& 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
— ZF0Ofh, aRYETKE, 1)/ A RELGZELLEER 32M$

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

- UCSD: BioCADDIEZHMZDDIRAFE D ElE Z1E 3

— BiIoCADDIE : Biomedical and healthCAre Data Discovery and Indexing
Ecosystem

© REET TICEBMISHELTWS, HhAEIE?
TMDU
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Precision Medicine & [E4q] A

BADEELEEZR - RIFEFRRAICEHE 1= (tailored) EE
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 & %R, Real world data® E 1R




ObamaXiftfE— AR FEEHE

Precision Medicine Initiative

+ 2015F —MRFEHBSTHEEK
- RBEEE. BIMtER. EMNEEE
precision medicine D #f

— 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 (CKREAFEHEEIRZFZR, 20150ct)
— Francis Collins PMI # &= ' e B8
— aFR— b TR ICHENT=-DE1RT ] bt Bl




Biobank& &/ Ladk— k

© NRAFNRVIDBER-HREDEL
- RERFEEEROOERERCERFROENRE. EFEFYT/ LEROE
e LTOEE
- 7/ LI 3y RAEREER. BIROIFHRER

ZEEEBioBank : £EM - EEHFRIRTERERBEZFOMENLFIHER (F/ L7
E) EENICHIST HEERREE BRRE. ERER®R. LAE. FHE. mERZE.
BRiREE) ORE. BT/ Lak—F

— EREFFHDIEHRERE
Population®BioBank : TME&E#E | RimMZ35R— b, FERMBFORBEENS FIRER
(7 / L) LERRIRFEIF]R (exposome) Z&ENHT. £EZEHT S5/ L - ak— b

- Ex¥dDBiobank

— Z[E UK biobank
505 AD@EEH, 40~695 (2006-2010, 62MKR > K), 2011-16, 25MKR > K
BZT—42 (K- R-EEFTIL, £FEHR) 258H. BEERKRZEHT 5,
— ZEE Genomics England,
2013F18. 2017EE TIZ 10 ADS / L BEEFHIINE,
RADHRIIHDER (BF - Rk) . MARE. XPILEnglandDH
— FxM BBMRI (Biobank/Biomole. Res. Infra.)
250LL £ DERIN & E DBioBank Z#i &
— ZFZ 245 Lifeline
165000 NIt EA S 2  2006%&EEIE 30FER DB, 3R aKR—F (HFEH)
— Precision Medicine Initiative Genome Cohort
100 BADT /) LEEDH D

TMDU



Biobank/4 / L3 ik— FADHARF

« REBRNAFNDIF ) Lak—k
— ERAEEEDRBRME/NZ — > DB
—~ AR/ L A2y AEEDBEHD
+ Population® (&%) aK— bk
(1) gimMZEaR— FOEMICKYREERRBTE
REFREMEN) XY TEAEFHH]
= EEFERxREEEFEEER
FEEDHEEVER Z 5l (exposome, expotype)
[EENSKEEREICESBIE] 25HINE
[eH|EEZUIREE] (vulnerable period)ElE
= LHIEERZEDRFE QOL - EERKRFMIZLERE
EHEEREFOIR—F
=>GWASHA[gE. EfElk - BHHED ) RV EHEF
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HNETHDST /) LA I vy RAEEDERKEL

MREZAWNEHITHST / LEETHLIN., W OHDEERER T
)L F2v)RAEBENRITSINTLS
77 LEZXRRHERZES] (PHEEE) 2015.7
[eEEEFEELMEKRSZE(10.18) | NGSEEKEAE Y 3 vIC
S8NHT IERKRICAZERL TS IE125E% ]
T or— MERIREEK, RXRRY / LEFER VX1 E
25~40%* 2 E D[R EEEFREE
AMED : IRUD (Initiative on Rare and Undiagnosed Disease)
REZWEEDREREELFEIRUDILERIENEE L THETtE Y
BR—PNo—4roog, £Mik. DBILT %, KEUDP,
9&. D DD (Deciphering Developmental Disorders), vilva @Forge (Finding of Rare Disease Genes)
MNA DR T2 & EREAE
— BEAINARREL V2 —HREIE
© FSAN—EELTFDEZH. P FEMEDRRITIL—TIZEIHET
- BEEINATUE— EERERBEOARBTND IO LY b
— RKEBRE (OncoPrime). [X. K., FEX ZEREHHFREBB

7/ LEETIE, XKEEKEZZEIToNTWLWS, LH L. Biobank
Genomic Cohornt TIEXEAEDIKRIXZNIZT EEN TULMILVELY,
Biobank¥lD 45/ LEE/IBIFEHEZITONETH S, £-BAEXIR
eMergeitE ZH#E L TERRRITEBFHRDERICEEI RETHD
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ANIEIgE (Al) O E

TIDEK ey I 7F—4
] ATHIEEIC K B
Lea(rer?{ang ﬂ] E"]MEE

[CLBAIE AN

—1—-3)
XY rI-D
Back
Propagation

XE
TEANRIZVY

sTRAENDIEX
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EESBOANIHREORESR

2 (L URIL) WEELE —a—A%y kT—40E
1970  FIEMRO—MIRETFE GPS —a1—HFxy bT—7
RRRDERER (F—L) 3/ D E 1M Perceptron
ANE. BnE, HAOE
1980 G AT L (if-then)b— LY R T L)
MBORBEFA (EMARATL) ZER=—1—0OF%Rwy k
IEF@“E?I’H? o X T L (Mycin, Internist-) #% 7515+ Back Propagation
RI—L EEMNMLEFICHADOEBAFER $E g T 7 )L 51 XL
1990 A, !
. ’ LIEs <& !
MERR BmEE 2

Machine Learning, KDD

ZWHBEDODBN b DFHE “a—Axry FI—OH

ZEAM_-_1—QOFRvy b

2000 e pn 72 8 oo .
ABENBBXIE (DSS) il | PO eI
EES2—I/0P— R oo ey il
BRLENSAIEET oy

EEA > rOD—



EvwdT—42 LHERES

- The ASCO (CKEEGEKRFES) CancerLinQ initiative
~ BEOBRGZEHR)DNLOREDZET —F 2D
— FLUWERRABRADHA 54 UERK

— 17TBADDAEFT—2R—REFHEE, ENAUIZDODNT1~2BANDIEHZEE
H 3

- FEVATLERELARNHBZHAFEE. —oa—0OxRy FEEEFELTEE,
BigDatalZ [T % Learning system®D A~ 8] X 1%
— 2013%(Z., CancerLinQD 7 A 2 A4 TEE/. 108 ALULDENAZETE.
STEEREARGEES
- IBMWatsonOMRAELZ—~DER
— Memorial Sloan-Kettering Cancer Center (MSKCC) 7% & & #[F
— WatsonZf&{A[ZThe Oncology Expert Adviser software (OEA)E %
— ftii=New York Genome Center & glioblastoma (%' 1) 7 SF#HRARE) £03%4E AL
« Cancer Commons initiative —
— Rapid learning® 1 > 7 5 2
~ B8y : BFEOERIES & RFO B ZEH
— {A%4 D &EE D Donate Your Data’(DYD)%Z $%
« Google X project, “Human Longevity Inc.”

IBM Watson
Learning Big
Data

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 & Z A& L Lyh

Greedy Layer-wise Training (2006, Hinton) D1z =

(1) BAIc THEELT—451 £EFALT, ELAV—D/RS5A—48%F |
I _E?jgﬂﬁo |
l'(2) BOOBEFETABAEIANEERLEERENTTEOAD L |
: B L—HT 2 & S12/85 A—42 £ T, l
] PIEVWRBEATANDBERERBTT AL IIT/NATA—=3H |
: REINS, AWMEFREZERLRSKRBHTES &5 TEARHLHE, [
| EXNLTFHBERIAINFINS, |
| (8) autoencoder : EEMNFTRDESIZRERLSI2¥TT24E |
| (4) E—BORASFRKIET L TROEROFEIZAS :
|

#E£n+1E nQOOO0O000)
wW; w;'
zng x OO000 QOO0 #




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 X% ®M Pande X E & £ FRAE

N—=—FXILESY TR == TIZ1T 5

deep learninglZ & %Y — LB

"Massively Multitask Networks for Drug
Discovery"

Softmax nodes, one per dataset

P

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
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