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REX =D A 2 ND bk

H X /—"7' VY ZE158 &9 Hhigh-
throughput FIERINED 2B L HE

A

IR b & BRifile & 7/ LFEFETEN134,3500{EA=1H,105H

2005~ NGS i '
(454,Solexa,SOLID) i ! B g Cost per G
2007/8~ I ;

1

1

‘/—’7' REM

HiSeq2500 Ion Proton
A AE(TE #1EA #3500 M
E—-R/FYT )\A4F7ORTvh SEY RS> Ion Proton I
BRARBSRE 118 27850 2685
U—RE& (bp) 2 x 100 2 x 150 200
>—ASEHE(Gb) #1600 #9120 10
O
(EraAEs ) AR .

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

Hiseq X XA T L 1068 (BE1/5)
e

DNA Sequencing Cost: the National HumaAn Genome Research Institute

= RER 2007/8
/L (BRIRE)EBOES L. HTEROL—TOZREBZI TS !
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Vaxax
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HXD (EF7/H) 7/ LEELIFID
KD 2 DOFHRHEIFFIZ2010FE(ZFg

(1) /IR

X

ASBRSE K B F& &2 (undiagnosed disease)

IS

A

/¢

Bz FDERRDIFIE Troc) M2

B —T Y DERIEREEZZITT

Wisconsin ER KFETHDEI XY — L
EHRIDRFERDZEEDRE
FRRDIRGE CTEFHILTOELE(ZEXE)

Vanderbit K==®EE D EFl4T7 / LEFEE

T BE-DEGRFOERZRARNDIERE EEFER] TY/ LERICEEDHLZL
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Clinical Sequencing

Wisconsin /NR&ERBE (£K4461) 20094, 3FDEF,
2ENLRETHDIZEET. BOW=5 LI AITEENRE,
JO—VmEhEREIMN, yA— /I"@EE#IW)E{K?""E?&L
2 T130EI DN EIIUIBRFMETONERE TR
BURT, SHLEITSRENE I oT2(A. Mayer) ey
NiCDEITFY U DOEIERERS—HI TUHRE Kl
MCW TR H I 7=-16000B D DNAEFIEE FIEEIZHHT

XIAP XEET7RF— AEEF NV EBEDEE
TGT(cysteine) — TAT(tyrosine)
XIAP[Z®ERNGZHRET SECREZRAE
NETOE T/ LRSI TRESIATULAN
AT IININLGFUNVD—FTREET

Nic Volker

Medical College of
Wisconsin, Human &

EHINIC & 5B iEE R (2010668) Moleciar Genetics
201 0E7ﬁ Eléli': (i~ ﬁ$7ﬁ‘ﬂyhé i -—G':@@ L/ T: o Howard Jacob
IE,EM:\ %ﬁ@%? & %?b rg &aﬁi%f;ﬂiiﬁgﬁ 2T [,\é o (a major mover of

the whole field, Topol)




WisconsinEf K=F/NEBRIES LTV
Froedtert f&fR D47 / LEE

- WisconsinEEE] X Genome sequencing program

— NICE':%}EL\—C (?L‘Zﬂisﬁ 35-—661@]) Wisconsin
— {=#:#ER (nomination) IR e
c EXKDRE - PR TR E 7 AEH Wisconsin ERI K= (MCW)

— Multidisciplinary & EREZEEETL Ea—
~ 68D T ERA Y REAIUEY VY
- 328457/ L, 550 2TV —L 201554B%T) LELIE
— 7 A hEEESL (CAP)E & UClinical Laboratory
Improvement Amendments(CLIA) E#ELab

— T—%4fi## : in-house®Bioinformatician T

. BaylorER A5l € —=pd
— Wisconsin[Z#E LN TEREKR Y/ LB fEHT Lo, SY i
— J&FEAIZWhole genome laboratory %3 (2011.0Oct) s
— In-house TL— UV VI IERDH el L
— CAP/CLIAGREID#EEEZWEAIZIL L LIT 5,
— RS FELFEIZELE > THNT - FRRE =g

- ZDIEFHIZWashington K. Partner?i & %4 TMDU




B LA S vy REREBREELE205N
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f X=®EkE (2010~) RS
BPREDICT/B Y b+

3416 B D EAF|RKHEEFRC YPy*”'IE#'JEChIP
ERIDLF A —FRICEHRR (OhaioXt)

8 HEO Popup

Clopidogrel Poor Metabolizer Rules

>
Genetic testing has been performed and indicates this patient may be at risk 7 D E I~ 7 I/}LMﬁ
for inadequate anti-platelet response to clopidogrel (Plavix) therapy i; ﬁ }l}j_- ®¥ EE

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. ?ﬁ =] % R 9 * *ﬁﬁ]
mE7IEYI X inM I

Tr is if not

© Prescribe prasugrel (EFFIENT) 10mg daily and stop clopidoare! (PLAVIX) startdate, 10 AM X |\ Ba % $ 11']- 0) 1& '\ L ﬁ

Due to increased risk of g comp 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
& whose body weight is less than 60 kg

ook o o 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 clopidogre! (PLAVIX) 150 mg daily, startdate, 10AM

© Maintain requested daily dose of clopidogrel (PLAVIX) 75 mg dally, startdate, 10AM _[ﬂ]_ﬁ 75‘\;;& IE 'é" 6
If not using prasugrel, please select a reason: ﬁﬁu :]:Q'—}'_- o) Ft; % lj: Z: _|_ éj\ -G & 6

I Contraindicated for prasugret
I Potentisl side effects
1™ Patiert opts for clopdogrel

ot DEEDIZE(22)TSRAT LI

Chck here for more Informstion - (ﬁﬂﬂ% 7 4 Iy f\)‘\gz_ %)75\

that (f not should replace f If this is not possible
dose However, there Is not a national Inthis

NEZE2UBIZLALEEEFELTLS
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Bt 24— (Center for Individualized Medicine)

EENAT/ L) —2 7L (ICGC :
50 DM A ZE500EFIDEY / LEES
2012LEM LR BER T LB FE > - (HHE

HBRENGERRINYT / LEEDY ) ZHIVECHIEEHT

2008FEM5)
i AT

t gAY A)

EEBEANTORDEE, £S5 T3000ZFHBAHEE
75\/u % HEfE St A DriverZ £ L {EF 7L Passenger£ £

EDMDT / LERODERES TR

EREICLT/ LESIEH - 105 AEE (BEE) T—9R—REE
St 4/ LEEE (Preemptive PGx) BZED ¥ D EHE
B2 T 5“BWA4 T vt4" : Clinical Sequencing REFAEIEHK TMDU
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5 LA 2w AEROEA

________________________ . 2005~NGS 20084
) LEEIED ! | (454,Solexa,SOLID)
| $2:4 Hapmap2002 | . 2007/8~ |
B, GWAS __YTryAER 200948
Undiagnosed . EEAATY
RAIHER O S AT Genetic Disease . Y/ —>7 LICCG ; 2010%
DF| A - %%j])I/TT %é{i% : 2008559?‘0)5,@% E
Z4& - Preemptive PGx POC 5 201N B HER 20114
. A N = RERR |
VanderblltX’ﬁﬁ MCW’J\IE’ﬁB% .
Cancer Driver
GeneD[ETE & 20124k
mHAFRER
Mayo Clinic 20134
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Institution Major Projects
MC Wisconsin Using whole genome sequencing to establish diagnosis in patients
with currently undiagnosed genetic disorders
Mount Sinai * CYP2C19 testing for antiplatelet rx post percutaneous coronary
intervention
* Personalized decision support for CVD risk management
incorporating genetic risk info
Northwestern Using pharmacogenomics evidence (from GWA genotyping) to guide

prescriptions in primary care and assess risk for other conditions
such as HFE/hemochromatosis

Cleveland Clinic

Tumor-based screening for Lynch syndrome, endometrial cancer

ucsD

* Screening for actionable mutations in malignant gliomas and
glioblastomas for biomarker based RCTs

* Targeted rx (such as RET inhibitor) of metastatic solid tumors
based on tumor mutation status

Morehouse * Exome sequencing of 1200 early onset severe African American
hypertension cases and 1200 controls
Duke * Computer-based family hx collection and CDS tool with 1-yr follow-

up for perceptions, attitudes, behaviors related to thrombosis and
breast, ovarian, and colon cancer

* SLCO1B1*5 genotyping and statin adherence

* Effect of genetic risk info on anxiety and adherence in T2DM

Mofit Cancer Center

Institution Major Projects

Alabama Planning stages for projects in risk assessment, pharmacogenetic
analysis, identification of families for further research

Baylor Whole exome and whole genome sequencing in Mendelian
disorders to improve diagnosis _

Geisinger. * Selection for gastric bypass surgery vs other wt loss means based

on genetic variants predictive of long-term benefit from surgery

* |L28B variants and response to hepatitis C treatment
* KRAS and BRAF mutational analysis in thyroid cancer patients

Ohio State * Personalized genomic med study of CHF and HTN pts randomized

to genetic counseling vs usual care
* CYP2C19 testing in interventional cardiovascular procedures for
lopidogrel

Harvard Whole genome sequencing with integration in EMR and CDS; pilot of
3 patients to start

U Penn Genotyping for assessment of Ml risk in Preventive Cardiology
program

St. Jude’s Pre-emptive PGx genotyping in children

Vanderbilt Pre-emptive PGx genotyping for clopidogrel, warfarin, or high-dose
simvastatin

U Maryland Develop and apply evidence-based gene/drug guidelines that allow
clinicians to translate genetic test results into actionable medication
prescribing decisions

Mayo * PGx driven selection/dosing of antidepressants
* CYP2C19 genotyping for antiplatelet rx post PCI

Inter-Mountain | Tumor-based screening for Lynch syndrome

(Oracle HRI ) #ZE &2t &Rk D 324

BRAXRFRENEE REERREA N/ N— (MCWHD)
RAICENNERDRFIZE D,

NHGRI Working Group® ') X k
(ACGM& V)
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_____________

E1BRE T/ LEBRORE ,
: ;k'ﬁ{t“/—"T‘/“\/f/ﬁ‘d)ﬁﬁﬁﬁ%&(%mﬂ | | (2007-2015)
£4 ) 1 (x30 : 100Gb) * T —LfE#H (x100 : 6Gb) | eMERGE
s e o e | EtE
KETIIH+DERLBRETENR =
{}
B FS v RAEROER |
I ot o)
| 2 Ew A5t — . i {2 4%(NCBI:SRA
i% EfE ER JOTAQH#QC: B H e D
EREREDOHSE BBk T/ 847
» N ®
<:| 2E7ILIYX L MayoClinic T &
| 108 ANEBEHEWGS
- v ) LEERMGE | ATHEA &5 TMDU
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FEERERHE eMERGEZ O 4 k

PR R IBFHD 2 4 £ > (NIH grand)
NGSIZxin TE % EF A /LT H 5phenotyping (HPO)
- phase | (2007-2011)
— BFHILT &L TERFRphenotypingd % & ED#i— X
— EMRM 5 DE&ERphenotyping & Il /& #& & biorepository| 2 & D
{ GWASHA[EEAY (EMR-based GWAS), ELSIEIE £ #& 5T

— eMERGE-I: Mayo Clinic, Vanderbilt X=¢, Northwestern X =~

7:; E 5 HEEQ Group Health Cooperative kil
kkkkkkk ield Clinic Philadelphia
« phase Il (2011-2015) T it s
¢ I Geisinger
- BFALTE EIRE #Ii@‘fi‘ﬁj-\(% ), N TSRS P e
¢ ? jj )[/T /\O) /7- / -lAll B #&O)%}EA ‘;‘ ~L_ L o L{_. :‘} R, ..}\“f 8;'5;:@
- PCxOERIRIGAICET 5T Czo [  L7 S
- #&8 [T Return of Result (RoR) e Y T T e
- 4jjﬁnx7b\eMERGE [P (') j][l*)%) 4 oF = A A
- INRJRRE & Mount SlnallGeisinger Moo N TN N ey
- CSER consortium & & Hs;zz;ﬁnaz;?::fg;;, R

“Clinical Sequencm% Exploratory Research” a2V —v 7 L
 NHGRIIZ & Y F &1
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a
AR

i2b2 (Informatics for Integrating Biology and
the Bedside)

. *%%W?”*‘%Jﬁ%@é'l‘%#&’é
F&E (sub;ect) h:E (predicate) EHRIEE

(object) M + 'J T b (=%
RDF : resource description framework)

TR,
© AL EOV—LDEAEDHLE TRERATEE

E9 5. BFEBERET

- Star Schema: 77— X—XXF—T D 1
2. EDOHILIZHIE T Hobservation fact
TF—JILIZEH SIS,

tranSMART - FS5 A L—23FILEY

EEHED TS5y bik—L

*  tranSMART FoundationIZ & Y) B
SNTWAA—T > Y—R(GPL3)
DTSy bITr—L: T—337—FrARK

. EBJ'FH (outcome) Etk Yz

E—krvww T, *HF‘a'ﬂﬁﬂﬁ DSREN

*ﬁ IHJZ NI, BRI T & DR
METEE (IMI: Innovative Med. Initiative)

Node

Description

Blomarker Data Measurements of biomarkers such as RBM antigens, gene expressions,

antibodies and antigens in ELISA tests, and SNPs.

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

study.

Samples and Timepoints Tested samples (such as tissue or blood) and time periods when the

samples were taken.

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

Design Factors Compounds invalved in the study, dosages, and regularity with which

the compounds were administered.

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

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

Who (Z&16%R)

2 DxRB[EFKIE (Phenotyping) DfElRE

When CEFRIEER)

Patient Dimension I FElJI[le@‘SZJ Visit Dimension
(& 42001
PK | Patient ID Integer 1 PK | Record ID Intager
1 Patient ID Integer
Gender Character
y y o Location Character
Age Real EII%_EWE{E/\T Start Date Date
Mother Tongue | Character
o ? Observation Fact End Date Date
Religion Character other attributes
other attributes oo \fl PK | Record D Integer
PK | Patient ID Integer
PK | Attribute ID Character
PK | Doctor ID Character
< PK | Creation Date Date
What (BHEDELR) w
gy Value (Character) | Character H y Prg
w (EER. &&E
¢ . Value (Number) Real < (EE% EE&E%)
Concept Dimension ther attribut
Oheraunpuics Provider Dimension
PK | Ontology Path Ch
o PK | Hospital+Doctor ID | Character
Attribute 1D Character 0
Attribute Name Character Doctor ID Character
t — 3 —-—
other attributes BOEMOEKORIR(C[EE Doctor Name Character
= = L other attributes
PathZfE S D THEFRRNE]

+ @ demotransmart.etriks.org

Search Gane Signature/Lists

Soarch Toms | Navigate Terms  Acros Traks

O, Garerte Summary Stattics

Summary || @0uw | s

Menar | G| @

Comparson | Adwenced Workflow | Results/Analysis | GrsView | OwtsBpot | Bt X

Category | Subset 1 (n) Subset 1 (%n)
o

o

FEWME |0 ann
° o

L =) 2
oW | 0 o

[catogory ~subset 2 (m) sml(h)

v

\ UNKNOWN



EXREERELTO [EREY T T—45)

NIHTE Y7 T—2 xR~ 5E
“Big Data to Knowledge” (BD2K) initiative

- BD2K: "Big Data to Knowledge” Initiative Efifa
— R —HoHIZKBY /L FI VO REEDOERIZE
Y. BRER—4 VA ERODKRKEALEBIE(ICx IS L TEEREAA
— MEEDOED2013FICFIR, FTEERFTEIL2014FEM 5
- T—3H2D-ODEIRE (Associate Director of Data
Sciences) #{f@s Bourne, PhD.
» Francis CollinsKREiX NIHERIETDEILEE ]

- Enn[ﬁﬁﬁjﬂ BENEEMZHED. BRWICIBXRT 256

— FI:“ g T— ’)'ld)lﬁﬁli 3£ L7T=1 (CollinsEE)

— INIHNZOEGmZEY LTS, ¥ RGRB - =-T—42188
kﬁ?%?btxwﬁA AP EFBNLTE/RENEZE-T
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s B LA 2y AEREROSEMEREEZEELT

— %%Lrﬁx’C{%ﬁL’CL\é’T/L\ Iy RAERBHROEXK
BI75EEN BREKRYT/ L A2 v 9 XEHEDB

 NIH : BD2K®M 201450 Grand
- BEEIZEITST—32HEZFNDEAKCOERIF
* 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

- ZOfM, ORVETKE, 1)/ A REGENER 32M$
— Data Scientist AMERAADFTEREE
+-—4A F HZ 5| DDI (Data Discovery Index) Consortium

» Data discovery index coordination consortium (DDICC)
— B R—=ZXhHZ 0T D3HE - Pub MEDDDBAR

- UCSD: BioCADDIEZHlMZDDIFHFED #HEZEH

— BioCADDIE : Biomedical and healthCAre Data Discovery and Indexing
Ecosystem

© REET TITEBEITHE LTS,
TMDU



= & Big Data
FE3NDERERE L TOMBEBRER

- HERS TIFH (Genome/Omics)
— 7/ L - A2y REH,R. multi-omics
- FERIRERIEE (Phenotyping)
— eMERGE-I, PheKB, EWAS
- ®N#F R > X 7L (Data Science) «
— Data-mining, Knowledge Discovery, A\ T&NgE(Al)

ZEODBITHIEY I T—73

) LIEHR + BRE - EBEIEREVRS)

M R (learning) Y AT L




REEY T T—2EEHDER

The ASCO (KEE&FK#EZ) CancerLinQ initiative
- PROBBEHR)D D ABOLET —F EEHNH
— HLWERRABRADHA K54 R

— NTBADBAEBT—EAR—RXEHBE, ENRAVICDODNVTI1~2FANDEHZEE
H 3

~ FEVATLERELABRNBZHFEE. —a—0Oxy FEEEFELTEE,
BigDatalZ & [+ % Learning system® AR v R 1%
— 2013%IZ, CancerLinQdD 70 b2 A T#E/K. 108 AU LDELA ZETE.
STTERIEANRITEE T
IBM WatsonO At 2 —~DER
— Memorial Sloan-Kettering Cancer Center (MSKCC) & WatsonZz&{AIZThe
Oncology Expert Adviser software (OEA)BHF
— ftI=New York Genome Center & glioblastoma (%' 1) 7 S #HRAIE) 4034 B
Cancer Commons initiative e —
— Rapid learning® 1 > 7 5 (&
~ B8y : EFOEBIES & RFORBZEH
— {84 dEE D Donate Your Data”(DYD)& %
Google X project, “Human Longevity Inc.”

IBM Watson
Learning Big
Data

TMDU



Genome/Omics

2004,5~ NGS (Life sci 454,Solexa,SOLID)
2007/8~ > —4 U R &

ZRDAKRETOER

. ‘ - MCW NicEREFBAGEE WES :
1) LEREBEEEOMA XIAPOEERS - BETEIE | “Roar in the world”
2010 ERERWESO&A) (MCW) » Vanderbilt preemptive PG Wisconsin
<] 7T [
= 1 - Early adopter BaylorE# X+
” s 4 Mayo Clinic
T Vanderbilt KZ 7t &
v -
- - Ew 4 NIH “Big Data to Knowledge” &t1& (2012/13)
2013 | ¥/ LEROERIEH = S e
< T B b i F—4 ACGM |nC|dentaI“f|nd|ng !ISt 56 g’;’enes (2013)
Bl BIEH ) La Y —F L NACHGR report “Future is here” (2013)
- D= CPIC guideline, EGAPP guideline 2013.14
= 0 1 - E R B k/£EConsortium
’ B 2

N4

2015 ANTKETE FEHE

T/ LAy RAER 3"(‘(‘%&4‘@[9?

Precision Medicine initiative

BERDER

5% TG/IOERM\mk D B E R RE i
NIH “BD2K COE in Data Science”, DDI (2014)
ASCO “CancerLinQ”, Cancer Common
1 M genomic cohort “Precision oncology”

TMDU
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Precision Medicine & [E{a] A

BADEEZRR - RIEFRRAIZCEHE f=(tailored) EE
One size fits for all MPopulation EE & X245

s . EXIX. ERIELERE Personalized Medicine D& & £ 5 75 LVAY,
B L TWW=DIFEZW AEDODEANETIEXLZCEBRIETH S Z & ZBRIEL

W= DYL5E : Personalized Medicine M MERE S N T=EH S 10EHFE > TLLVS

ZERE YT T—2RADIIRICE HEMNEERDHLE

(1) EEFRAXREETEBE) ZERODRFX—TER
SNPYZE (Genome)fZ 1T T K IRIE - &£/EE BER(Exposome) DEHR.
EREREII2ODODERDHEE/EAZRARIZEH, EFHILTOERRKRRFE
(Clinical Phenome): B HRERICIIFAR, 3 DDHREDELR
(2) BEEEE=-42 VI REHRODEE
E/31 JLAJL A (mHealth) - wearable sensorlZ & 3 K= IEHRINEDETR
(3) &/ Lar— b+ - BiobankDER
Precision MedicineZ=(1R9 &ML LT, ¥/ La7R— F/BiobankhWAETH 5
Z & %B#,. Real world datadD &R




Obama X#fitE — X F 582

2015F — IR FEEHETHRRE
- BEER. BiMEEE. ELEE
precision medicine ® #f
— 250f8H (215M$) OFE
. 130M$ : NIH, 1005 A3 7R— k
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