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(AT

v B FRAERREAEID 56 Eis
U ALK (ACMG
recommendation) '0EEHE

v' CSER Consortium ft##&® 1 A

Oxford University,
HeLEX®
(Old Road Campus)

2016/3/14

~L AT B ELSIAFZE (fEt,
U7, HErIRREIC BT 24158 ; ELSI
{X. Ethical, Legal and Social Issues ®
GARE) & i

7 DR ) AEROHEEIZ &
b 72 o CTHIIEL T 2RI Z B % 5

Hedington
Oxford University
Hospital®

2016/3/14

Genomics England 73 5539~ % 100,000
Genomes Project’®® U 7 /b— ~LS
(B HLND 1)

" http:/Awww.ncbi.nlm.nih.gov/pubmed/23788249
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Universityof Washigton, Seattle

(7 ) =H)vr—r2r v ADSEFGE T o 5 CSER @ Coordinating Center)

Professor of Pediatrics, Adjunct Professor

of Genome Sciences

Michael Bamshad

CSER, T—X% > =T V7,
7 DFEMT - R R DI A

Acting Instructor, Pediatrics

Jessica Chong

CSER., ¥ —4% > =T U L7,
T LRAT - RRAAE R OIA)

Professor of Genome Sciences, Adjunct

Debbie Nickerson

CSER., > —4 vy v, F—

Professor of Bioengineering RS ELHILT

Director of Bioinformatics Joshua Smith CSER, > —/ vy v r, —
Z M, B ANVT

Manager, Research Computing Team Brian McNally T—HDORE (T—2 B H—
D)

Senior Fellow, Pediatrics Joon-Ho Yu CSER. ELSI, Coordinating
Center

2016/3/4
Vanderbilt University

(BT IIVT « A AN 7 iEH OEFESE T éH 5 eMERGE @ Coordinating Center)

Assistant Vice Chancellor for
Personalized Medicine, Professor of
Medicine, Professor of Pharmacology,
Professor of Biomedical Informatics,
William Stokes Chair in Experimental
Therapeutics

Dan Roden

PMI, CSER, /LT « N
A AN 7 35 O FFERFTE T
&% eMERGE (LLF.
[eMERGE] &\ 9,)

Senior IT Project Manager

Jacqueline Kirby

eMERGE, Coordinating Center

Project Manager

Sarah Stallings

eMERGE, Coordinating Center

" http://www.geenivaramu.ee/en
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Associate Professor of Biomedical
Informatics & Vice Chair for Research,
Associate Professor of Computer Science,
Affiliated Faculty of the Center for
Biomedical Ethics & Society

Bradley Malin

eMERGE. PMI, 1> 7 #x~7
4 7 A

Director, Vanderbilt Genetics Institute,
Director, Division of Genetic Medicine,
Mary Phillips Edmonds Gray Professor of
Genetics

Nancy Cox

7 DERT - RS SO A,
B BIVT

2016/3/5
Vanderbilt University

Craig-Weaver Professor of Pediatrics,
Professor of Law

Ellen Clayton

BARTEHRICBE 4 D IEMH, 7/
DRAT - RS R O A
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HudsonAlpha

(5 ) NS -

EREHEEST DIFERMERTH Y . &7 LTI < W & i)

President and Director

Richard Myers

HudsonAlpha D fH#%kE% &

Executive Vice President for Genomic
Medicine, Chief Medical Genomics
Officer

Howard Jacob

HudsonAlpha OfEfkRxFT, ~—
v 7 (FRRY)

Executive Director Shawn Levy v—/4 Y, CSER

Vice President for Educational Outreach Neil Lamb HE L EEE)

Faculty Investigator Greg Cooper CSER, A > 7 ~T 4V A,
dbGaP., UDN

Biotechnology-Software Developer Brandon Wilk AV THIT AT AT —HD

A

Technology Director

Peyton McNully

AL THTT AT A NERE >
O —2

Chief Medical Officer & Faculty
Investigator

David Bick

ooV o7, 7=y
7 (R
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Washington University

(BAKT3OHDIKBET ) Ay —lrov 7 it Z—D 5> bD—D>THY ., 7/ L
EFNEHDDNA A T H~T 4 7 ATHH LI %E %2 Bi-9)

Assistant Professor Department of
Medicine, Assistant Director, Clinical
Genomics

Bradley
Ozenberger

CSER, TCGA, 7 —4# > =7
U7, LSAC

Assistant Director, Assistant Professor of
Genetics

Malachi Griffith

CSER, TCGA, T —4# ¥ =7
U7, LSAC

Assistant Director, Assistant Professor of
Medicine

Obi Griffith

CSER, TCGA, T —4 ¥ =7
U7, LSAC
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Senior IT Staff

Robert Fulton

CSER, TCGA, T—# v =7
Vo Jg o=l
— (A=)

2016/3/9
National Cancer Institute (NCI)

(DBANCKT T DERLZ FTEST 5 NIH 22 SOOI CTH W . TCGA D L 5 KB ) LB
Hra Y7 e, GDC @ X 9 72 {5 FM s 4 4 Eh)

Director, Division of Cancer Stephen Chanock | NCI, CSER. TCGA, 7 —# ¥

Epidemiology and Genetics =T VT T MR - R
it R DA

Staff Peggy Tucker HIBRABHIZ B0 5 Bkl (Data
Access Committees (DAC) & =)

Staff Jeffrey Tobias R AR B> 2 Bl (Data
Access Committees (DAC) & =)

2016/3/9

NCI iZ81F5 GDC (7 LMfjhT « T—H > =7 V7 Di=

HDT T NERED) BT — 2L

GDC Technical Project Manager

Sharon Gaheen

GDC D&

GDC Scientific Director

Mark Jensen

GDC D Ba%

GDC Technical Leader

Himanshu Sahni

GDC D Ba%

2016/3/9

NCBI (281} % dbGaP (7 /) MWD T-0DT —XZ > =7 U o 7 EA%) BA% - EHF— 24

Director, Genetics, Health & Society Dina Paltoo dbGaP DBE¥E - EH
Program
Staff Scientist dbGaP Team Michael Feolo dbGaP DBH% - HEH

Staff Scientist, NCBI

Masato Kimura

dbGaP DB - 1#EH

2016/3/10
Brigham and Women's Hospital

(Harvard Medical School & B4~ 2 22Kk T 4 JEE DFEBTE)

Associate Physician, Brigham and
Women's Hospital, Associate Professor of
Medicine, Harvard Medical School,
Geneticist, Brigham and Women's
Hospital, Director, Genomes2People
Research Program

Robert Green

CSER., 7/ AWFFEO AR %l
LSRR  BRRIC TS 5720
o7y =7 N ThD
Genomes to People GEImHI U A
7 DR, & DIRNT - Bk
ROBEHREF ~D BN
IR DB 2 ) L
BT OTE 2DV TOHRFFE)

2016/3/14
Oxford University HeLEX

(~V AT B O ELSI AF9E %2 S D 5et o & —)
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Professor of Health, Law and Policy & Jane Kaye ELSI, M AT — X {ri&E, 1> 7

Director, HeLEX

F+—ALh Rz b (LT,

Ncy &vwo,)

Direct Project Officer, HeLEX

Harriet Teare

ELSI, AT —#{#, IC

2016/3/14
Oxford Medical Genetics Laboratories

(Genomics England 73392 100,000 Genomes Project ® VU 7 /L— RS (5 HHHND 1

2))

Consultant Clinical Scientist, Director of
Genetics Laboratories

Anneke Seller

100,000 Genomes Project, %/
DA - BRATRE R OWA], 1IC

Laboratory Director

Penny Clouster

100,000 Genomes Project, %7/
DIEMT - FRATRE R DAL, 1C

2016/3/15
EMBL-EBI

(BRINZ BT DN A A T F~T 4 7 AFFEHLE)

Director

Ewan Birney

EMBL-EBI

Group Leader: Computational Cancer
Biology

Moritz Gerstung

INAFA LT F=T 4T AN
AAIFGE

Director of ELIXIR - ELIXIR Directorate

Niklas Blomberg

PRINIZISIT DA F A 7
VT 4 7 ABEOA T TR
A7uvxs hTHDELIXIR
(LLF, B2 TELIXIR) &

-

75)

Head of Technical Services - Technology
and Science Integration

Steven Newhouse

ELIXIR

Data Integration & Development Officer -
Hersey Team: ChEMBL

George Papadatos

b5 - BIRTF: - IO 7D DOT
— X _N— 2 T# % ChEMBL

Senior Scientist and Team Leader,
Vertebrate Genomics

Paul Flicek

7 LRI BT 2 [EERRY 72
BT 5 GAAGH, 7/ LA
RICEHT T —H =T U
I HMETH D EGA, N T
kDT —H_X—ATHDH EVA

Scientific Director, Open Targets

lan Dunham

INHIRE B o B IRERE & D X —
cF—3y AT K D FTERE H
a7 hTHDCTTV

Data Centre Engineer - Systems
Infrastructure

Dawn Johnson

F—tE B — ()

Head of External Relations

Lindsey Crosswell

EMBL-EBI, ¥ — 4 & v ¥ —
(L)
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2016/3/15
Wellcom Trust Sanger Institute

(B N ROYRIFURD 7 ) 2Lfifihit % Fhii9~ 25 Wellcome Trust 2 F DOAFZEREES)

Business Development Manager

Emanuel Astoul

EEFEESERAET IV

Group Leader

Kosuke Yusa

T DAREERTTE - A3 & D IL[E]
W5

2016/3/16
Institut National du Cancer (INCa)
(DS ANTXET D ST -

EIREER LD 7o 8 DARIIEEE)

Head of the Department of Biology,
Transfer and Innovations at the Research
and Innovation Directorate

Frédérique Nowak

INCa, AR

2016/3/17
Auria Biobank

(T4 T2 PRI 2mADSA A7)

Project Manager

Lila Kallio

INAFR 7 IC

Quality Manager

Aulikki Santavuori

INAF X7 IC

2016/3/17
BC Platforms

(T4 TV RBEDONAFA T H~T 47 AFH#Y 7 b U = 7 RS
Chief Architect Co-founder Timo Kanninen HhA 77
Chief Operating Officer Ania Eliasson HHA 77

2016/3/18
e-Estonia

(2 A F=TBUFIC L 21E®A 77 (EAID ZiEH Lckkc a9 —ER))

Project Manager

Karli Suvisild

BES, FHRA 7T

Staff

Margus Simson

B BUF

2016/3/18
University of Tartu

(A =7 THt—mD 31 A3 (Estonian Biobank) 7% &)

Professor and Director

Andres Metspalu

INA G IC, 77T AEE

Head of Communications

Annely Allik

INA G IC, 77T AEE
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AFHA T, CSER Consortium <> eMERGE Network &\~ 7= 7%/ AR O EFEHFSEIZ B
DAFFRER 21X U6, 7 DSEDA 7 T 5 BB, it a X = =7 4 Ikt LT
J LIRHTY— B A 24T O IEEFI O 23 L, 7 LAEBEOFEBUZ T TORESS
BOFRMEICET 2R A 72, 2 2 Cid, £9°. [4.1 % Precision Medicine Initiative (PMI) |
ELTKREIZBT AREXEXITHOVWTH7=D G, 142 E Clinical Sequencing Exploratory
Research (CSER) | [4.3 % Electronic Medical Records and Genomics (eMERGE) Network| (Z
BWTH ) AEROFEIFFIRIAR D BHLICHOW T, 4.4 3 Coordinating Center (CSER,
eMERGE) | IZBW T KRBT 1 7' F L 2 AR WT RO 2 9e ki 2 TRIZHOW T, [45 % NCI
projects (TCGA X U*GDC) J 4.6 & 7/ Ligtfr g (LSAC, 7 — ¥ OEFE - #51%5) | 128
W DFZEICR T DI IC oW T, 147 3 el onizy ) AERDE
BUZBIT 28 A IZBWTHAIMETHONTBHREAEIT 5,

4.1 Precision Medicine Initiative (PMI)

2015 4= 1 H 20 H  KE A~ K8 L Precision Medicine Initiative (LL T, TPM1] &5 )
12$215 million (240 (&) Bn& &% U 5 = & % %3 L7-, Precision Medicine 1%, &5 7 -
BREE - T4 T AZANIET HENBOENEEE L THOEREZETSETH L, Bk
L= PRONFUL, 2015 FOAELRFHRTIT, £ 4-1 DY L72>TWD, NIHIZEBIT D0
ST TAOM, T—5 OBIREDFEDBREEREO DI TFREZE D YT TN,

% 4-1 Precision Medicine Initiative BH A& D I 70 &
(AT https://www.whitehouse.gov/the-press-office/2015/01/30/

fact-sheet-president-obama-s-precision-medicine-initiative)

Ei'd - SUE 3 #w CKkRw) # (AAH)
NIH cohort program $130 million 140 (=
FDA  CRIE A i 35,5 =) $70 million 77 &M
NCI $10 million 11 &M
ONC ([EIZEHE IT Fif=) $5 million 6 {5

AKEORNFKITILLT DM TH S,

(1) NIHIZ &% PMI B DR = 7T L

(2) =DM OBERIIC L5 PMI BIEOZE Y 1 7T A

() NIH 22 FiZ& % NHGRI O ZE & NIHGRI (2 X %5 PMI B3 D Bt

18 $1=110 [JCHE (VLR FIEE)

19
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(1) NIH 784354

NIH (%, PMI ®—E& T, A FICREINDI TV T LR EEZET 52 L1278 >TW5D,
® PMI Cohort Study”® & L T, 4K % %412 100 5 ABMLD 2k — MR A D TV D,

Vanderbilt University 2 H.0> & LT, Verily (IH Google Life Sciences) & University of
Michigan % O* Broad Institute % & @ 7= (il T, 2016 41231 v v MIFEEBLGT 5 T

ETdH 52, PMI Cohort Study 1%, NIH D& Td % Francis Collins?23 £ L 7= 2004
BRXBIRENTWAT A FTIHESNTIN D,

® National Cancer Moonshot & LT, FHRN AR « I1RIFEMFIEDT=D D NCI F3ED A =

ST F TN 2016 EN DAL B TETH H*, 3LERMTSL billion (1,100 {EH) & F5i
YA ANGAPIN
® NIH & Office of the National Coordinator for Health IT (ONC) 234&[ ¢, Sync for Science®

ENFEN D ¥ AT A (BHESINE D A S OREFET — Z 2R O 7o DIt 4 % o

AT L) RS S,

(2) ZDMOBEIZLS PMIBETOY S L

NIH LIS OREES & PMI RS L TR Y, 7 LAEBRHEED 72D OBREREICTHER T

TV,

20
21

22

® White House Ti&, PMICEBIT HF —Fx =2 U T ¢ HEHELZIER L TV 57,
® NIST CKEESZAEEEAHIZTAT) 2BV TH, PMIZRHME L7 NIST A X—EF =
U747 L—LbU—0 %ERT 5 TETH D,

® Department of Veteran Affairs CKEIR#E AA) 1L, 45 5 AOKEIBFKHEA 2R — |
(Million Veteran Program) % ##429-% 7%, Department of Defense CK[E[EFi#4)
LIRS D,

https://www.nih.gov/precision-medicine-initiative-cohort-program

http://news.vanderbilt.edu/2016/02/vumc-to-lead-pilot-program-for-precision-medicine-initiative-cohort-program/

BIZE, NIH FTf T 5 Francis Collins?/%, PMI @ F.0H) A TéH %, Collins 1 2009 4EDgkAT-LART, NHGRI
FITE (1993-2009 4F) THY, BN/ LaHH, [EER HapMap stz XU LT oM E <07 ny 27 b iEL TET

BRIEE R,

23
24

25

http://www.healthcareitnews.com/news/nih-and-onc-announce-sync-science-pilot-enable-patients-donate-data-precisi

(https://iwww.nih.gov/about-nih/who-we-are/nih-director/biographical-sketch-francis-s-collins-md-phd)

http://www.ncbi.nlm.nih.gov/pubmed/15164074

https://www.whitehouse.gov/the-press-office/2016/02/01/fact-sheet-investing-national-cancer-moonshot

https://www.healthit.gov/buzz-blog/health-innovation/nih-and-onc-launch-the-sync-for-science-pilot/,

on-medicine

26

https://www.whitehouse.gov/the-press-office/2016/02/25/fact-sheet-obama-administration-announces-key-actions-acc

elerate

27

https://www.whitehouse.gov/sites/whitehouse.qgov/files/documents/PMI_Security Principles_and Framework FINA

L_022516.pdf

28

http://www.research.va.gov/mvp/veterans.cfm
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http://www.healthcareitnews.com/news/nih-and-onc-announce-sync-science-pilot-enable-patients-donate-data-precision-medicine
http://www.healthcareitnews.com/news/nih-and-onc-announce-sync-science-pilot-enable-patients-donate-data-precision-medicine
https://www.whitehouse.gov/the-press-office/2016/02/25/fact-sheet-obama-administration-announces-key-actions-accelerate
https://www.whitehouse.gov/the-press-office/2016/02/25/fact-sheet-obama-administration-announces-key-actions-accelerate
https://www.whitehouse.gov/sites/whitehouse.gov/files/documents/PMI_Security_Principles_and_Framework_FINAL_022516.pdf
https://www.whitehouse.gov/sites/whitehouse.gov/files/documents/PMI_Security_Principles_and_Framework_FINAL_022516.pdf
http://www.research.va.gov/mvp/veterans.cfm

FDA CKEARMEELR) 1L, kiR —Fr o —nbBonirs — 27 5
P ROFHEEER R L 2OV X 2T P —F A = ZADOHEEEZ AR E LT, 7 7

v K75y 7+ —2 (precisionFDA) POBRFEZ1T > T %,

Office of Civil Rights CKE/ZARMER) (X, HIPAAYD FT, B4 HE OREHHRICT

7B AT DHMHERNCE L CONA X AR NETDHTETH D,

(3) NHGRI 704 S5 LDEEDIF

PLFIZNIH ZE F iz W T 7 AFSE % FTiE 4% National Human Genome Research Institute
(NHGRI) O (FH) &, NHGRIIZE D7/ AEFEEH T 0 7 T MO TibR %,

1)

NIH 2016 E£EF &

2016 AEFEIZ 81T D NIH FEIFAR O TEITE 42 KO 4-1 DY) E7pH> T 5D,
NHGRI (T3 KENZB T 557 ) A% T ET 5B TH 5, THEEIL 570 (EHRE T

b5,

NCHIKENZ BT 2B AMGEZ EE L TEBY  NAYT J MMIET 5098 S 50 L TV

%, 5700 ML & b PR KE L,

# 4-2 NIH 2016 EE THE O N

(H{FT : https://officeofbudget.od.nih.gov/pdfs/FY 17/FY%202016%20Appropriations%20Language.pdf

&b LI ZERAIITERTER)

FY 2016
o AL LT
ek TR
(Million)
1 | NATIONAL CANCER INSTITUTE (NCI) $5,214.7
2 | NATIONAL HUMAN GENOME RESEARCH INSTITUTE (NHGRI) $519.0
3 | NATIONAL LIBRARY OF MEDICINE (NLM:NCBI & A7) $394.7
4 | NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES $4,629.9
5 | NATIONAL HEART, LUNG, AND BLOOD INSTITUTE $3,115.5
6 | NATIONAL INSTITUTE OF GENERAL MEDICAL SCIENCES $2,512.1
7 | etc. (OFFICE OF THE DIRECTOR, BUILDINGS AND FACILITIES, etc.) $1,850.1
8 | NATIONAL INSTITUTE OF DIABETES AND DIGESTIVE AND KIDNEY $1,818.4
DISEASES
9 | NATIONAL INSTITUTE OF NEUROLOGICAL DISORDERS AND STROKE $1,696.1
10 | NATIONAL INSTITUTE ON AGING $1,600.2
11 | NATIONAL INSTITUTE OF MENTAL HEALTH $1,548.4
12 | EUNICE KENNEDY SHRIVER NATIONAL INSTITUTE OF CHILD HEALTH $1,339.8

AND HUMAN DEVELOPMENT

2 https!//precision.fda.gov/

0 hitp://www.hhs.gov/hipaa/index.html

81 https://officeofbudget.od.nih.gov/pdfs/FY 17/FY%202016%20Appropriations%20Language.pdf
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FY 2016

%S LT-
A% s
TR
(Million)

13 | NATIONAL INSTITUTE ON DRUG ABUSE $1,077.5

14 | NATIONAL EYE INSTITUTE $715.9

15 | NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES $693.7

16 | NATIONAL CENTER FOR ADVANCING TRANSLATIONAL SCIENCES $685.4

17 | NATIONAL INSTITUTE OF ARTHRITIS AND MUSCULOSKELETAL AND $542.1
SKIN DISEASES

18 | NATIONAL INSTITUTE ON ALCOHOL ABUSE AND ALCOHOLISM $467.7

19 | NATIONAL INSTITUTE ON DEAFNESS AND OTHER COMMUNICATION $423.0
DISORDERS

20 | NATIONAL INSTITUTE OF DENTAL AND CRANIOFACIAL RESEARCH $415.6

21 | NATIONAL INSTITUTE OF BIOMEDICAL IMAGING AND $346.8
BIOENGINEERING

23 | NATIONAL INSTITUTE ON MINORITY HEALTH AND HEALTH $279.7
DISPARITIES

24 | NATIONAL INSTITUTE OF NURSING RESEARCH $146.5

25 | NATIONAL CENTER FOR COMPLEMENTARY AND INTEGRATIVE $130.8
HEALTH

26 | NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES $77.3
SUPERFUND

27 | JOHN E. FOGARTY INTERNATIONAL CENTER $70.4
Total $32,311.3

KIS IARFEICBNTA X 2 —2 5 E L7 ES. 4 LIBRIX T RO FRIEIZE 5,

$1,850,063,000 B NCI
$5,214,701,000
B NHGRI
$518,956,000
NLM

Other centers

$173,202,000.00
etc.

$24,554,427,000

4-1 NIH 2016 “FEFE DOWNGR

(HHFT : https:/officeofbudget.od.nih.gov/pdfs/FY 17/FY %202016%20Appropriations%20Language.pdf

b LIZ R AT IERTIERD)
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2) NHGRI %/ LEEBE QS S LDREDT

NHGRI % 7 AEFESFY (Division of Genomic Medicine) (2 & 2 FH) 7247/ L[ )R E
TurS KEOEN - FHEBEEK 42 KO 43R, AREE TR, BRHCY LR
DEFRFEZ RN E L7 0 /T 5 ThD CSER & eMERGE (I H L7z (iR 4.2 =,
W43 &), ZhoD7ur T AE, a2gs RBORECEYIE O HFIES) 1281
50 ) LRATHER OFIR ) - T KRBT 530 7 ORE | - TERIRAVICA H 72
AREMED B 5 NY T2 N ORGBFEFN - 1577 LMERFIFITH TS ELSH %, W@EAWT —
~ZRY o TV D,
® CSER L, 7'/ ML ERBIGICEIET 2 v A0 &, BT 5 EToifE
WX T oA T o TV D, e s T AERBIFTH S 5 FH (FY2012~2016) 2
B D TRBELIE$65 million TH S,

® eMERGE %, BV NVT 20 L CHIRINCAH R NY 70 N & ERBSG~EHT 5
ZLEHEHABE LT, XA AN LEF T (Electronic Medical Records : EMRS)
EOHEE T ) XA T Ve ) XA T FERZRI LT 5, eMERGE I3,
FBIMIA-TWD, Yu s T A Emilchd 3ER (FY2015~2018) (2H1) 5
FEHIRLITL$56 million TH 5.

® PMI/LCSER°eMERGE D7 /) LAERIZET 570 /I LEHETHHDTH D,
PMI TlZ. CSER X° eMERGE %DM D FICH 72 D22 D 1= 6D D HME R+ %
AElDA o Z ¥ 2—|ZBWT, CSER & eMERGE DffZh72 < L T Precision Medicine
DR H RN, &0 SEEZEEOMEENHEHTE Y, NHGRI BT LTNEH S
J LGSR ZE T AR ESRBFZE DS Precision Medicine DI I C BB 275 E| %
HoTWaEBZHNTWD,

32 hitps://ww.genome.gov/27551170/division-of-genomic-medicine-current-research-programs/
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NHGRI’'s Genomic Medicine Research Program

Program Goal Z$M Years

Diagnose rare and new diseases by expanding

UDN NIH’s Undiagnosed Diseases Program

67.9 FY13-17

Explore possible uses of genomic sequence

bl information in the newborn period

10.0 FY13-16

Explore infrastructure, methods, and issues for

. . - . e FY12-16
integrating genomic sequence into clinical care

Investigate whether/when/how to return individual

RoR research results to ppts in genomic research studies

FY11-13
Use biorepositories with EMRs to assess

eMERGE Ill penetrance of 100 clinically relevant genes 25,000 .0 FY15-18
individuals, develop e-phenotypes, CDS

IGNITE Develop and disseminate methods for incorporating

patients’ genomic findings into their clinical care AU

Develop and disseminate consensus information on

ClinGen . ..
variants relevant for clinical care

FY13-16

4-2 NHGRI 7/ LAEW T 0 77 AOHKE TH
(HHFT : https//www.genome.gov/Multimedia/Slides/CSER Beyond 2015/02 Manolio.pdf)

Facilitate research in undiag-
nosed/Mendelian diseases

Study ELSI in genomic seq

Interpret sequencing data in
variety of contexts

Investigate use of genomic
data in newborn care

Develop electronic phenotype

Identify variants related to
complex traits

Characterize Pgx variants, us
in care

Assess penetrance of
potentially actionable variants

Standardize clinical annotation
and interpretation

Create genomics-enabled
learning healthcare systems

4-3 NHGRI 7/ LAEHR T2 7 T ADAa—F
(HHFT : https//www.genome.gov/Multimedia/Slides/CSER _Beyond 2015/02 Manolio.pdf)
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4.2 Clinical Sequencing Exploratory Research (CSER) Consortium

K ClL. Clinical Sequencing Exploratory Research Consortium (LA F, [CSER] &Wv9H,)
[ZOWNWTH D (REDOMIZ, (4.4 FE Coordinating Center (CSER, eMERGE) | K O® 4.7
B AR TR LN ) AEROFEBICET LA T CSER IZoWTiiLd), A
ONFIZLLFDEY TH D,
(1) CSER D2
(2 ar =T hDOtEE
(3) ZhnEkRd
(4) BEEOWIFEREBEI DI W DRI RS 2 KB 72 77 > CTh D U-Award 251 T b
Waeray 7k

(B) Hx 2 H A TOMET o= M L TOZ T N THD R-Award 25217 T 5D
Wsera =7 b

(6) CSER Ok HIH#A8 (CSER2)

(1) #B;=E

CSER®IZ, EBRITZ U =N —r v ZABAT 9 0T il B OMRIR 2 IR E - B s
257 a A& FGERICHFZE L T D,

® CSER 7Moo NIH 7u 7T A LRG0, BESCEMEDaAIa=r—val %k
FERLRICH D, 2L, B & ORBRESCHREBERSO L, BE~OBRAERRO
KA « ERIOIGSDHFZER SR L 7e > T D,

® ) AW AEZ T e BESCEMOITENARICEAT 2 2O E2 £ L T\ 5

(T =2 E2ZTWMATZEMBED LIRS L ED XD ITBEITHREZBZ D0

B A —RAay ha— /U355 Efi L TV 5),

® KAFSTHLAIL, ERIREE - 7 LENTIFSEE « ELSI BEPRMN D70 5 F — LI K 0 MRk
EHTW5, CSERIZ. ZNHDHEMENR—2OD T T hD b & T—HICET D)
DT T T LThHD,

® CSER ZMEAT2AE7 0y =7 RO, ELSI BFEICHHME L= b O b AF(ET
%o

33 hitps://www.genome.gov/27546194/clinical-sequencing-exploratory-research/
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21 Institutions
Moving the Genome Into the Clinic 1 Consortium

() Clinical Sequencing Exploratory Research 277 fesearcters

@ w
- UNIVERSITY of
Seattle Childrens WASHINGTON [¢
PN
UNIVERSITY OF MIN
MAYO
#4 KAISER PERMANENTE W
e clphis
W JOHNS HOPKINS
Childrens Mercy 4 )
UCsg o & s -
= . s R
m o gm.m" :
AN
1Ky

..........

(\/ Coordinating Center

6 cser www.genome.gov/CSER
XA

www.cser-consortium.org

[X| 4-4 CSER ZINHF7EREES
(H{FT : https://cser-consortium.org/)

(2) avy—T 7 LDIEE

CSERICBIT B ar Yy —v 7 Lot %E (X 4-5) 1R,
@ X7 7 VT alvr4mOb &, —OOHSEHLEAY Coordinating Center & LT’ a7
EIROFATHIEREZ B/ LT\ % ([4.4 % Coordinating Center] % Z:[f),

o %@ﬁ%%&? X7 T N—TH TERIRAE A SR ORA) Biahv 7
— ] UNR &G LE Lz )V =Ny —r o A TEROHE ] L \Wo 7 —< BIIHF
FewfTo T D,

® NHRAZvy7Hary—y7 ANTHREE(EZIT-> T3,
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CSER Advisory Panel § «— | Clinical Sequencing Exploratory Research
(CSER) Steering Committee

-

)./

d Sit

ward sites and
Rl intramural

Baylor College of Medicine

Brigham and Women's Hospital
Children’s Hospital of Pennsylvania
HudsonAlpha

Kaiser Permanente

Dana Farber Cancer Institute

NHGRI Intramural

University of Michigan

University of North Carolina- Chapel Hill

Al [ SILY

Boston Children’s Hospital
Children's Mercy
Columbia (2 projects)
Johns Hopkins

Cleveland Clinic
Mayo/UCSF/UMN

Seattle Children's Hospital

In N

Working Groups

* Grants funded under RFA-HG-11-003 and RFA-HG-11-004 have ended
but the investigators on those grants continue to participate in Consortium activities.
Along with ELSI investigators on the U-grants, they meet regularly to discuss
ELSI issues relevant to CSER.

4-5 CSER Consotium D #Hfk
(HEFT : https://cser-consortium.org/resources)

() Stk

CSER OSBRI & 7 —~ D —E & TRIZTRT,

® CSER . U-Award #%F7-9 >0 7u =2 kb, R-Award 2% 77295071y~
7 NEEALTHD (U-Award & R-Award (2B L Tzl 4 5),

®  University of Washington 7% Coordinating Center & L T2 7> &G T\ %,

® T —~ (RBOHEBESCEMD X A 7 fTkig & 3 2 MlaOfEEE & f#T Fik0iE
WERERIFRT —~ L2 %, LT, Thod TR T2 A8 Lnd,) &
THIRT, 2IERRIC K> T, A - fDREC BN - /IR WGS - WES %5, i
KB =7 7 2 MIZIEIZH25 (K 4-6),
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7 4-3 CSER ZIIFKES & wF4taR e
(AT : https://www.genome.gov/27546194/clinical-sequencing-exploratory-research/)

Baylor College of Medicine™
Brigham and Women'’s Hospital
Children’s Hospital of Philadelphia

University of North Carolina

U-grants (2011)

University of Washington*

Hudson-Alpha Institute for Biotechnology
Kaiser Foundation Research Institute
University of Michigan*

University of Washington (CC)

U-grants
(2013)

NHGRI ClinSeq

NIH

Mayo Clinic

Columbia University (Appelbaum)
Columbia University (Chung)
Children's Hospital Boston

Children's Mercy Bioethics Center

Johns Hopkins University
University of California, San Francisco™

ROl and R21 Grants
(Return of Results

Seattle Children’s Hospital

Vanderbilt University

* * Co-funded by National Cancer Institute

Dana-Farber Cancer Institute / Broad Institute

Childhood cancer patients

Primary care patients, cardiomyopathy patients

Pediatric patients with one of four conditions: intellectual disability; sudden cardiac
arrest; hearing loss; mitochondiral disorders

Patients with advanced lung and colorectal cancer

Patients from one of five clinical domains: cancer; cardiology; dysmorphology:
neurodevelopmental; ophthalmology

Patients undergoing colorectal cancer genetic testing

Children with intellectual disability and/or developmental delay

Women and their partners seeking pre-conception carrier testing

Patients with advanced sarcoma or other rare cancers

Facilitates the scientific work of the CSER consortium

Healthy adults and adults with heart disease

Presenting diagnostic results from large-scale clinical mutation testing

Challenges of informed consent in return of data from genomic research

Impact of return of incidental genetic test results to research participants in the genomic
era

Returning research results in children: Parental Preferences and Expert Oversight

The presumptive case against returning individual results in biobanking research

Return of research results from samples obtained for newborn screening
Disclosing genomic incidental findings in a cancer biobank:An ELSI experiment

Innovative Approaches to Returning Results in Exome and Genome Sequencing Studies

Returning research results of pediatric genomic research to participants

* “U-grants” are described in RFAs HG-10-017, HG-12-010,and HG-12-015 and implement three integrated projects: |} recruitment of patients and
physicians in a clinical setting; 2) generation and interpretation of genomic sequence data in a clinically useful format; 3) ethical, legal, and psychosocial

research

*  “R-grants” are described in HG-11-003 and HG-11-004 and explore a broad range of ethical, legal,and psychosocial issues related to return of
genomic results (originally funded as ELSI Return of Results Consortium)

Adults with
cardiomypathy
Germline
genomes
4 sites
Healthy
adults

Preconception

carrier
screening
(adults)
// D
y N
§ \
\ Tumor \
Pediatric Pediatric \ exomes
disease | \ cancer / 3 sites
Germline § ——
exomes Adult
7 sites \ cancer

4-6 CSER ORI =T 7 A K
(HiFT : Amendola LM, et al. (2015)

http://www.ncbi.nlm.nih.gov/pubmed/26478737/)
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(4) U-Award 7> x4 k

NIH Ik 77 bDo b, EEOUSEEED W RS FE i3 5 KRB 7 Z > R
U-Award T % (NIH OBFZEBIAL 7 2 7' 5 2123815 % Activity code U01) ¥, LLF iz, U-Award
% T CCSERINTEMEINTWA T2 (AT [U-Avard 722 =7 b9 ,)

2o Tk~ 5,
® V=Nl U ADRERE B ERICIRANT 5 7 m e A ERMRET -~ & L

T35,

BRI 1T D F— LR, BRIRIE - &7 ABSEMIEE - ELSI BEIIIEE & 7 o
W5 (K 4-7),

AR BRESCEE A U 7 =0 bR 5 FMFEEE S A L ERRICH H 728
FERIBET D,

BAET U A MEAER L, ZOBET Y A MIESWTEBICHFRSMFICR LT/
LENT A4V, & 51T Pathogenicity Z 24T L TV 5%,

BIETFUVANMITaY 27 SO D 1I~24ETER L, #EERICERT LT 5,
—fl & LT, University of Washington @ New EXome Technology in Medicine (NEXT
Medicine) 7’1 ¥ = 7 hTix, KIERA - RV —TEOEF IR L, @EO7r TREL
U= MRS A INZ T2 TREC K B T v F ME B %17 - T 5%,

NEXT Medicine D BRI 2011 FETH 5, HMFZEE 2N 114 OEFIRAICAH 723 Y
7 hEEE L, 1,000 A2k LT Whole Exsome Sequencing (WES) #% 3 L
pathogenicity Z# i L T\ %, ZOfERA £ & O3 % 2013 AR L TW5HY,
2015 FFICITE T U A b OB XSRS BT DR CE HR LTV DY, £z,
%450 ELSI BHEFZE 17> T 5%,

CSER D#fjk A > »3—(%. American College of Medical Genetics (VL F. TACMG] & \»
Do) LIHER L THITERE O D HEIG D KIBICZ V), B FREDXSE & 75851
BB LTI, ACMG D3MERET 5 56 (BB T SRR ROBRANZB W TH ENH X
SEFALAZ L= RTHLDIZH LT, CSER TIX LV Z DEInF&2 Y A MTH
HHIEERFTL TS, HICKVIEERNRT A7 7IZIMYMEATEY | REEkD
BREILTTWD

77 Aﬁﬂﬁﬁaﬁ&@lﬂ%ﬁk‘f%ﬁﬂﬁﬂ)% R ER A BT 5 & B O MR N EE &
2%, BlxiX, ®LBFRENOWMEICRESINTNY T M T, VUS (Variants of
Uncertain Significance) &#Hii S4L T2 b D23, 7212 Pathogenic TH D Z L 3 5
TIRDEND XHRTENEZY 5%, DI, CSER 71 7T LZBNT I —
v IRt o EHT, B E 6 v AIC LEIOMEE THEfT ST\, &
DREINE, ST ) T— a2 Y — WBEFED VCF 7 7 A VB FEGAAEE D
LT, T T arEToTV5S,

http://grants.nih.gov/grants/funding/funding_program.htm

https://www.genome.gov/multimedia/slides/cser _beyond 2015/04 goddard.pdf

https://cser-consortium.org/projects/32

http://www.ncbi.nlm.nih.gov/pubmed/24055113

WFZE4] (http://www.ncbi.nlm.nih.gov/pubmed/25394171.  http://www.ncbi.nlm.nih.gov/pubmed/25940718)
® FFgef (http://www.ncbi.nlm.nih.gov/pubmed/24616381.  http://www.ncbi.nlm.nih.gov/pubmed/26014592)

22


http://grants.nih.gov/grants/funding/funding_program.htm
https://www.genome.gov/multimedia/slides/cser_beyond_2015/04_goddard.pdf
https://cser-consortium.org/projects/32
http://www.ncbi.nlm.nih.gov/pubmed/24055113
http://www.ncbi.nlm.nih.gov/pubmed/25394171
http://www.ncbi.nlm.nih.gov/pubmed/25940718
http://www.ncbi.nlm.nih.gov/pubmed/24616381
http://www.ncbi.nlm.nih.gov/pubmed/26014592

® HEHHREBIIC XV ERAIA LTS,

v O EEEOEKI—T 4 IRV —F ST N—T%E LT, CSER O - Y
=7 METHRZILAE L T\ 5, il 21X, “Actionability and Return of Results Working
Group”lZ BN CHIE T v ¥ = 7 FAKFEPE L2i 0T, 7 rY= s MEcE
T DMEFEAIET R (CRBIFTA) ~DO%S 2 i LTV 5,

v ETORBEN, BMBEFTR (CZRFTH) ZIRET 27 r X2, BaHME, &
BAT T — BEHMTROVERE, AmfaiyE. CLIARIERA=RDO BT
F. PhD ZEfG L7= oy FBIEFEEEZATND (R 4-6),

v BRFEEEIET R (CIRAETR) OIRAINERLHIEIZ DWW TR, BRRAICA TR ()
WAsoxteeA 7 N7 v M HFREE) | BRAARAMEO AT R (v U TIRRES
Ty—~al ) I 7 AERE) ~OXIGE I L TWAN, ZH IR 2 &2
Wi DRERE o TS (R 4-7),

v o BERO XS, BRI HEIEN ISR B 12T o TR Y . BATERE TIEH 5725,
BFEAFT R (CIREIFTR) OE 7 ot ATk 2EiEA K 0 R 5 72 0 R RS
WrEIC R A A LT b,

CSER U-Award Project Structure

\

2. Sequencing,
Analysis, and
Interpretation of
Sequencing Data

3. Ethical, Legal
1. Clinical
Genomic Study

and Psychosocial
Implications
Research

4-7 U-Award 72 = 7 N EEBIPN TOKRH
(AT : https://lwww.genome.gov/Multimedia/Slides/CSER Beyond 2015/05 Hindorff.pdf)

" http://www.ncbi.nlm.nih.gov/pubmed/24195999
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# 4-4 Next Medicine Ti&E SN T-BEENA A0 H 585D Y A
(HHFr : Dorschner MO, etal. (2013)

http://www.ncbi.nlm.nih.gov/pubmed/24055113)

Table 1.

Genes with Actionable Variants

Dominant

Dominant (cont.)

Dominant (cont.)

Dominant (cont.)

X-Linked

Recessive

ACTAZ' (102620)
ACTC1I (102540)
ACVRLI (601284)
APC (611731)
BMPRIA (601299)
BRCAI (113705)
BRCAZ (600185)
CACNAIC (114205)
CACNAIS (114208)
CACNB2 (600003)
CDC73 (607393)
CDH1 (192090)
CNBP (116955)
COL3A1 (120180)
DMPK (605377)
DSC2 (125645)
DSG2 (125671)
DSP (125647)
ENG (131195)
EPCAM (185535)
FBNI1 (134797)

FH (136850)

FLCN (607273)
GCHI (600225)
GPDIL (611778)
HCN4 (605206)
HMBS (609806)
KCNEI (176261)
KCNE2 (603796)
KCNE3 (604433)
KCNHZ2 (152427)
KCNJ2 (600681)
KCNQI (607542)
KIT (164920)
LDLR (606945)
LMNA (150330)
MENT (613733)
MET (164860)
MLHI (120436)
MLH3 (604395)
MSHZ2 (609309)
MSHG6 (600678)
MUTYH (604933)

MYBPC3 (600958)

MYHI1 (160745)
MYH?7 (160760)
MVYL2 (160781)
MYL3 (160790)
MYLK (600922)
NF2 (607379)
PDGFRA (173490)
PKPZ (602861)
PLN (172405)
PMS2 (600259)
PRKAG2 (602743)
PRKARIA (188830)
PROC (176860)
PROSI (176880)
PTCHI (601309)
PTEN (601728)
RBM20 (613171)
RET (164761)
RYR1 (180901)

RYR2 (180902)

SCNIB (600235)

SCN5A (600163)
SDHAFZ (613019)
SDHB (185470)
SDHC (602413)
SDHD (602690)
SERPINC1 (107300)
SGCD (601411)
SMAD3 (603109)
SMAD4 (600993)
SMARCBI (601607)
STK11 (602216)
TGFB3 (190230)
TGFBRI1 (190181)
TGFBR2 (190182)
TMEM43 (612048)
TNNI3 (191044)
TNNT2 (191045)
TP53 (191170)
TPM1 (191010)
TSCI (605284)
TSC2 (191092)

VHL (608537)

DMD (300377)
EMD (300384)
GLA (300644)
OTC (300461)

ATP7B (606882)
BCHE (177400)
BLM (604610)
CASQ2 (114251)
€002 (609825)
CO09 (612837)
CPT2 (600650)
F5" (612309)

GAA (606800)
HAMP (606464)
HFE" (613609)
HFE2 (602390}
IDUA (252800)
LDLRAPI (605747)
PAH (612349)
PCBDI (126090)
PTS (612719)
QDPR (612676)
SERPINAT (107400)
SLC25A13 (603859)
SLC37A4 (604194)

SLC7A9 (604144)

MIM numbers are shown in parentheses next to each gene.
“Bolded genes are recommended for return by the ACMG guidelines.'

POnly homozygotes for the F5 c.1601 G=A (pArg534GlIn) Factor V Leiden mutation are deemed actionable.”

“Only homozygotes for the HFE ¢.845G>A (p.Cys282Tyr) mutation are deemed actionable.”
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# 4-5 Next Medicine (23517 % pathogenicity o FAff & 1
(tHFT : Dorschner MO, etal. (2013)
http://www.ncbi.nlm.nih.gov/pubmed/24055113)

Table 2. Variant Classification Criteria

Variant Type Classification Criteria

Pathogenic allele frequency of variant below cutoff’
AND
segregation in at least two unrelated families”
OR

segregation in one family :

at least three unrelated affected individuals®
OR

segregation in one f;
de novo event in trio'
OR

protein truncation where this event is
known to cause disease

ly and at least one

Likely pathogenic allele frequency of variant below cutoff
Vus AND
identified in at least three unrelated indiv
OR
segregation in one family
OR
at least one de novo event in trio
vus allele frequency of variant below cutoff
AND
identified in fewer than three unrelated affected
individuals
OR
no segregation studies
OR

no de novo events in a trio

Likely benign VUS  allele frequency of variant well above cutoff
AND/OR
seen in combination with a known pathogenic
mutation

“Based on disease frequency and inheritance pattern (see “Criteria for Classifi-
cation of Variants”).

“Defined as probability of consistent sharing in the family of <1/16.
‘Dependent on allele frequency.

“Mutation identified as de novo dominant in an affected offspring of unaf-
fected individuals.
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& 4-6 CSER ZHERAME OIRAN I L H EFEAIAT L (ZIRIIFTR) O E A
(HiFT : BergJS, etal. (2013)

http://www.ncbi.nlm.nih.gov/pubmed/24195999)

Table 1 Process for determining incidental findings by CSER site

BWH/HMS CHOP DFCI/Broad UNC UW NEXT
BCM BASIC3 MedSeq PediSeq CanSeq NCGENES Medicine
Return of results No* Yes Yes Yes Yes® Yes
committee
Participants
Medical geneticists Yes Yes Yes Yes Yes Yes
Genetic counselors Yes Yes Yes Yes Yes Yes
Physicians Yes Yes Yes Yes Yes Yes
(nongeneticists)
Bioethicists Yes Yes Yes Yes Yes Yes
CLIA-certified laboratory  Yes Yes Yes Yes Yes Yes
representatives
PhD-holding molecular  Yes Yes Yes Yes Yes Yes
geneticists
Others Bioinformatics Bioinformatics Bioinformatics Bicinformatics Pharmacists, Other
specialists, other specialists, other specialists, other specialists, ather  institutional review scientists
specialties on scientists scientists scientists board chair
consultation
A priori list No No Yes Yes* Yes Yes

BASIC3, Baylor Advancing Sequencing inta Childhood Cancer Care; BCM, Baylor College of Medicine; BWH/HMS, Brigham and Women’s Hospital/Harvard Medical
School; CHOP. Children’s Hospital of Philadelphia; CLIA, Clinical Laboratory Improvement Amendments; CSER, Clinical Sequencing Exploratory Research network;
DFCI/Broad, Dana-Farber Cancer Institute and Broad Institute; NCGENES, North Carolina clinical Genomic Evaluation by Next-generation Exome Sequencing; NEXT
Medicine, New EXome Technology in Medicine; UNC, University of North Carolina at Chapel Hill; UW, University of Washington.

°No formal committee meetings held, but a laboratory-wide policy regarding threshold for reporting exists. If further discussion is needed, a subgroup or exome sign-out
conference is convened. "Separate committees exist for determining a priori “binning” of genes and for reviewing individual variant-level results. “ACMG-recommended
list is used as the filter for genes. Filtered variants are reviewed by a committee.

7 4-7 CSER IR OIRA S HEFEIET R (ZIREIFTR) OFEEAE
(HFT - Berg JS, etal. (2013)

http://www.ncbi.nlm.nih.gov/pubmed/24195999)

Table 2 Types of incidental findings returned by CSER site

BWH/HMS CHOP DFCI/Broad UNC UW NEXT
BCM BASIC3 MedSeq PediSeq CanSeq  NCGENES Medicine
Medically actionable findings
Returned to adults? Yes? Yes N/A Yes Yes® Yes®
Returned to children? Yes N/A Yes? N/A Yes® N/A
Opt out? No No Yes/No® Yes/No' No Yes
Non-medically actionable findings
Carrier status? Yes (optin) Yes? Yes (opt in) Yes (optin)  Yes (optin") No
Pharmacogenetic Yes (optin) Yes? No Yes! (optin)  Yes (optin) Yes (optin)
assaciations?
Other dinically relevant No Yesd No Yesl Yes (opt in®) No
variants?
Who returns results to Participating oncologist Participating Ordering physician Ordering Genetic counselor  Genetic
participant? and genetic counselor physician and genetic physician and medical counselor
counselor geneticist and medical
geneticist

BASIC3, Baylor Advancing Sequencing into Childhood Cancer Care; BCM, Baylor College of Medicine; BWH/HMS, Brigham and Women's Hospital/Harvard Medical
School; CHOP, Children's Hospital of Philadelphia; CSER, Clinical Sequencing Exploratory Research network; DFCI/Broad, Dana-Farber Cancer Institute and Broad Institute;
N/A, not applicable; NCGENES, North Carolina clinical Genomic Evaluation by Next-generation Exome Sequencing; NEXT Medicine, New EXome Technology in Medicine;
UNC, University of North Carolina at Chapel Hill; UW, University of Washington.

*Parents of pediatric participants can request incidental findings. *Includes pediatric-onset and adult-onset conditions. ‘Separated into “low-penetrance variants” and
“high-penetrance variants”; pediatric-onset conditions excluded. “Separated into “medically actionable” vs. “immediately medically actionable” (defined as having
expected presentation of symptoms within the current age category of the participant and an immediate change in medical care, including screening or intervention, that
may have a significant and permanent impact on morbidity or mortality). ©IFs deemed to be “immediately medically actionable” are not subject to preferences, but parents
can decline “medically actionable” incidental findings. 'Participant preferences are elicited, but the committee can override preferences if the findings are immediately
medically actionable. “The “general genome report” includes several categories of information, including low-penetrance cardiac variants and blood groups. "Non—
medically actionable findings are subdivided into six categories stratified by potential for psychosocial harm. Adult subjects are randomized to either a “control” group that
does not receive non-medically actionable findings or an “experimental” group that chooses among the six categories. Includes pharmacogenomic alterations related to
cancer therapeutics and other pharmacogenomic alterations. 'Cancer susceptibility-related variants.
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BEIT AL T4 v BB RARERIC T 2 IRAEE A HAN R ATRE T h 5,
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BBEOBRIRET 5720, BENBESBH TY ) AORBORSOBISHIRE, &
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e U, AT - Eah v T —0%E L BE & OBMRIEICOWTHIFEL TV D,

http://grants.nih.gov/grants/funding/funding_program.htm

https://cser-consortium.org/projects/49

https://cser-consortium.org/projects/50

https://cser-consortium.org/projects/51

https://www.my46.org/ .

http://blogs.nature.com/news/2012/11/ethicists-debate-how-to-tell-patients-secrets-in-their-genome.html
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Preferences Pros & Cons Resources

Trait Categories Not selected  Selected YES,Iwant  NO,Idonot lam
results want results undecided

ERnE

Blood ¥ ) ) i
example: i ® = =
:ample: anemia

42 sickle cell disease

Brain and Nervous System W

' () ~
example: epilepsy J L A
Cancer ¥ —~ . —~
example: colon cancer-Lynch syndrome - . S
Digestive System o~ . =
example: celiac disease J bzt D
Heart and Lungs = o~ . .
NP A L) () )

X 4-8 Myd6 : IREIZ ALY 5 BnF OFIRBE A A —
(HEFT : https://Aww.my46.org/)

(6) CSER2

2017 4E7>5 CSER2 & L C CSER O#%ik7 0 7T AL D TETH H, 2016 4F 3 HHF
RCIHAZEOHEREPE T D . CSER DWFFEHLFICKI T DA o Z B 2 —n b5 % D7D
BHEDo>OH D ENFAIRINT,
® CSER2 TlE., WFfExig: &2 2EMCBRM a7 7 A b (X 4-6) ZILFKTH I &
MEFERT —~ DO L72oTVD, HAHFFHLETIX, ZRTEBIZNE AND,
SR HBIZBET HAF7E, B TRERE LISV, KV DR E 2L —
Va sl E o TIER & S,
® DR FMLE CIIAFESLRIRO LIS L AR~ A 2 VT 4 OF — 2 INES
BB LT ETH 5,

® ERIEMEZER CTIEHATHICHIZ > T REDOT U M AEICE L COE xR
SR BEREMEDAI 2 — g VT AFRICS HICESAEZEL Z LI
2%, ZHUT. B ZITEIGTEREZIT & o - EEOKISO, BE - KR - BIR
E - AR OBURIEICBI T 2985 2 & T, MedSeq D T 570y =y hTIT
HILTW B HARAIZE & 0 A b+ 5 Th 5,

® 2015 4 9 HIZBAfE S 417z CSER &ffd£4 (Integrating Genomic Sequencing into
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Future Directions

) . CSER Consortium
Today's Agenda Topic Recommended Priority Areas

Interpreting Variants/Actionability « Clinical diagnosis of unsolved cases

+ Determination of appropriate use of
genome & exome sequencing

+ Conduct biopsychosocial research
+ Continue ELSI investigations

Investigate the use of clinical sequencing
in larger, more diverse populations

Healthcare utilization, economics « Evaluation of downstream health and
& value economic outcomes

+ Optimization of the delivery system
+ lterative phenotyping

Assessing Clinical Utility
Patient-Centered Research

Increasing Diversity

Other

4-9 kY72 CSER O 5 HME (2015 429 HE A
(H FT : https://www.genome.gov/multimedia/slides/cser beyond 2015/04 goddard.pdf)
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4.3 Electronic Medical Records and Genomics (eMERGE) Network

AFEClE. Electronic Medical Records and Genomics Network (LA F. [eMERGE] &4 v9,)
[ZOWNWTH D (REDOMIZ, (4.4 F& Coordinating Center (CSER, eMERGE) | &Y 4.7
= AIMETHELNLS ) AEKOFEIRICET H2EA] TH eMERGE ([ZoW TN 5), &
HEONFIZLLTO®EY Th b,

(1) eMERGE DA E

(2) eMERGE Phase Il (IZ&IN$ BB DA A3 7 LEFINT

(3) eMERGE Phase Il O #R kA ik

(4) eMERGE Phase | XNl 7' &2 ¥ =7 hH43l

(5) MERGE Phase 11l O &[]

(1) eMERGE O} ZE

eMERGE®|Z, A A0 7 0@ /107 (Electronic Medical Record : EMR) % 7= 4
J LERIER (77 —~as ) I 7 RAEREFEICE T HIER) 2L T s,

®  XBNEES (FBi%) BWRETLHNA AN & B AONTEREZEEESE, &
ANTIEREANZT = ) 20 T FEDBH, GWAS R°F DO FIEIZ L H N
A AN T REOIAT . BB CIRANT 530 T 2 P ORGREETT > TV D, BRRE
HRMZFFS/NY 72 MZBE L TEE T IV T IS A AL, & O R A2 R ES
BECRAT 2 B2 LTS (K 4-11),

® Phase 1(2007~2011 4F) ClL, 5 DO EHFER . 1 ™ Coordinating Center 737 7> b s
TN, 7/ FACL T D ) ZAC L T HPRBINTATHIZET DNA BB A VLT 1
WOH HMERGILZ,

® Phase Il (2011~2015 ) Ti&, FEhfkiil 2 9 ORI (2 >/ &
&) & 1o Coordinating Center (29K L7, £ 7 0y =7 b, E72134%E
BEWr 72 A =27 F7 & LCURIRIMARMEOH 2 i Sz 7 v M kig L
LCEFINT ~DFELZFIG LT, BlxlL., eMERGE-PGx 7'm ¥ =7 N TCiX, 7
7—~a7 ) I7 A (PGx) IZBET 28000/ T MIOWT O R A FEERIZ
BEITRAL TN D,

® EBEFINTICEMINIEFERERLY /) LERIZE > TRERAIRTHY [ EFH
NTIERE N2, F A T 3~T 47 A, PGx ifZE1%, Precision Medicine (23
WTCHEEZREHR L 72> TWb (Precision Medicine Dt & Td v . Vanderbilt
University @ Principal Investigator (PI) T% & % Dr. Dan Roden ~®D A1 > % B2 — b
DIEH)

46 https://www.genome.gov/27540473/electronic-medical-records-and-genomics-emerge-network!/

https://emerge.mc.vanderbilt.edu/
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4-10 eMERGE Phase | * Il OZNAFZEREES

eMERGE Network Biobanks with EMR data

53 aHc & u.wash 3 Mount sinai

8 Marshfield & Essentia 8 Northwestern
8 Vanderbilt

B cror
B CCHMC & BCH
8 Mayo

8 Geisinger
Phenotyping
Algorithms
(case & control)
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technical
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(HHFT : https://emerge.mc.vanderbilt.edu/wp-content/uploads/2016/01/SPHINX PSB 201312.pdf)

Clinically
actionable
variants

Return of results

Analysis and selection
of actionable variants

Discovery

GWAS &
other analyses

-
Novel
variants
Figure 2 Outline of the activities in the eMERGE Network. The main activities of the network and how they are integrated together are summarized. See

text for details. eMERGE, Electronic Medical Records and Genomics; EMR, electronic medical record; GWAS, genome-wide association studies.

Existing
variants

4-11 eMERGE DiEHE)
(HHFr : Gottesman O, et al. (2013)
http://www.ncbi.nlm.nih.gov/pubmed/23743551)
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(2) eMERGE Phase || SI#ED/NA AN D EEFHILT

eMERGE OBNHERIIL, &2 WAL AN T EBFHINT VAT L ERAL TS (K
4-12),

® Vanderbilt University 3% 20 77 DNA it -H L T\ % (eMERGE H1C % fie KB
BTHD),

® Vanderbilt University (3, eMERGE Phase Il |{Z33\C Coordinating Center Z 1> T\ 5%

(eMERGE Phase Il 'C %, Vanderbilt University 7% Coordinating Center Z 19 ),

® FEANNTDUAT NIHEEIZ L IZE 5 A5, Epic Systems fEBD T X7 LA HAL
TWHHEBE NS\, [ L iE, 2014 AERFSICB W Tk BE O 54%% Epic
Systems #H:#D EMR & 27 AREBL L TV 57,

® Vanderbilt University [Z H @ EMR ¥ A7 A% FAWT & 723, PMI Cohort Study ™%
A vy h7arZ L ThD Direct Volunteers Pilot Studies DHFFESMNE Y 7 L— Rl
SR &= 2 LTV, Epic Systems £ EMR & 27 AICHI W B2 5 FET
H 5,

o %< DERIERIN Epic Systems £:D EMR Z W TWA R, FREND=—XIZED
HIZVAT DI AL A RSN TNDT2D, T IO EFRIERE & 7 — &% O Bk
DRANLT DT TiE7ZR 0,

®  Vanderbilt University (X, BF7EIC A AR RAG N5 L 5 ICHBEMOT—% > =7 Y
VI ERA BV AT L% Epic Systems £ & G TR T A TFETH D,

TOKETIE, BE-ANOEDDET AT THERL, BROBETFILT TERISATOL2ORBURTHD
7, I OB TS Y = 7 TR,
(http://www-304.ibm.com/shop/americas/content/home/en_US/pdf/Epic_Interoperability Fact Sheet 10.pdf)

8 http://news.vanderbilt.edu/2016/02/vume-to-lead-pilot-program-for-precision-medicine-initiative-cohort-program/
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eMERGE Overview: Brief Site Biosketches

Institution Repository size; # of genotyped EMR description
Ancestry eMERGE subjects
CHOP 80,000, 7.418 Epic EMR since 2001
38% AA (47.5% female)
CCHMC 57,979 6,103 Epic EMR since 2007
14.8% AA, 2. 4% HL (43.3% female)
Columbia University 26,000 3,087 a combination of home-
40% EA, (49.7% female) grown system called INYP
10% AA, and vender systems
40% Hispanic, provided by Allscripts.
10% other
Geisinger 57000; 17,548 Epic EMR since 1996
99 4% EA (60% female)
GHC/UW 8,073; 3,606 EpicCare EMR since 2004
77% EA (57% female)
Harvard 25,000 4,930 Internally developed EMR
4.2% Hispanic (58% female) since 1997
88.1% EA Epic EMR since 2015
54%AA
2% Asian
*Mayo Clinic 60,000; 6,934 (38% female) GE Centricity and Cerner
935%EA
Northwestern University 11.667; 5,930 Epic outpatient and Cerner
TT4% EA. 12.0% AA, (80% female) inpatient EMRs
4.4% Asian, 9.6%
Hispanic
Vanderbilt University 211,931; 27,173 Internally developed EMR
76.5% EA, 9.5% AA (56% female) (StarChart) since late 1990s

*Note: This site’s information is current as of Phase II.

4 4-12 eMERGE Phase Il BRI DS A A8 7 L

Vayi%a

(HFT : https://femerge.mc.vanderbilt.edu/tools/cohort-discovery-using-ehr-data/)

ME P OHTRE
CHOP :  Children’s Hospital of Philadelphia
CCHMC Cincinnati Children’s Hospital Medical Center
BCH : Boston Children’s Hospital
GHC - Group Health Cooperative
uw : University of Washington

(3) eMERGE Phase Il M#8##4

eMERGE Phase Il |Z351F 2 4Lk DFHEZE LL T IR,

® SIS D—->Tdh % Vanderbilt University (%, Coordinating Center & L C7' a2/ 7 A
EIRORIEEEE AT 5,

® FEBIBATAY R U — % 0 T N — T ARk Lk x 2T — < IR0 T, T—<id 7=
) EAE T BIGFREMROKRK, 77 —~ay ) I 7 RAEZIEITDIE5, W
AL Coordinating Center 23510 & 72 0 | BHEPHILEO T —~vZa—FT s x— ML, #
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BRI TED L HITT D,

® eMERGE DOf#i, NHGRI ORkE3WIEHE & ILEEEAAT O R TH D, MO ~—
A CEBACEE L) 5,eMERGE (3, NHGRI OZEE & L TRIRANICHERE L TV 5,

® eMERGE Tlf, SWFEMENENZNOT — X ZH-F L T\ 5, SFFEMEREICIZE
NENHEI2 DT —FEHER LR O — RO NNIEDOT —ZICET 5 S I E 22
BETANRD D, AEETMGEVRH>TH, X v T —7 NOHFFERERER ©7 —
AT 7B APHERIZTED L D129 572D, eMERGE Phaese | (2B W TH@DT — %
HHBENMESNTZ, 725, eMERGE Network [Z#H##kIC L » TR HIHEHS AT
LEFFODHER Y N =T Th D, RV AT LREETHLIO, T—FT 47
a U REDY =ML TRBAMT —Z D~ v B2 FROMGEN AIHEIZ 72> TV
Do

@ T )BALIRV ) EA U IIET L FRIEORIE SRR CERM L 15
LN T AT A Y LM CIAT 5, 207 v'R0BWT, £
BNER LT AT Y ZLDNY F—3 gy (YMEOREE) %2175 %,

External
scientific panel < >
Genotyping Coordinating
4+—> Steering committee 4“—> Center

Sites since phase | Sites new in phase Il

+ Group Health with University of * Geisinger Health System

Washington * Mount Sinai School of Medicine
* Northwestem University Pediatric sites new in phase ||
+ Marshfield Clinic with Essentia « Gincinnati Children’s Hospital
Institute of Rural Health Medical Center with Boston

* Mayo Clinic Children's Hospital

* Vanderbilt University + Children’s Hospital of Philadelphia

[ I [ I I 1

Consent, education, || Electronic medical
regulation and records (EMR) Genomics Phenotyping Return of results
consultation integration

eMERGE-PGx
initiative

Figure 3 Structure of eMERGE Network. The Steering Committee, composed of the principal investigators from each institution and the NIH Project
Scientist, is the governing body for the consortium. The External Scientific Panel provides input to the NHGRI director about the progress and direction of
the network. The Coordinating Center provides centralized support and infrastructure. Genotyping Centers provide genotyping under CLIA certification for
clinically actionable genetic variants. For details on the activities by the workgroups listed at the bottom of the figure, please see the main text. CLIA, Clinical
Laboratory Improvement Amendments; eMERGE, Electronic Medical Records and Genomics; NHGRI, National Human Genome Research Institute; NIH, National
Institutes of Health.
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(4) eMERGE Phase | RU Il Fao sy FEH

eMERGE O&SNIHERIT, BIRENERLWE T 0 =7 FEEL TWD,
& ERWET—~ & LT BRI AT ZFHIIT 5720 A 2 7 RKR O BIFESCEIAR R A

4 https://www.genome.gov/multimedia/slides/gm6/05_dan_roden_emerge.pdf
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PGx (ZBE3 2 il & 7~ d,
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Vanderbilt University Ti%. eMERGE (28} % PGx Yu Y =2 kb (k745
eMERGE-PGx) (2553t PGx DXfG: b 72 2 BB T D & BF ~DIRH %17 -
TV =, 2012 4E121T 34 DEfLF-. 184 D SNP 2B 72 A FHE Y A &21ER L
TEY. ZD9HH Vanderbilt Pharmacy & Therapeutics (2 - CEREAIZH AMEN &
HH0L LTCHERELESFEOANY 7o MZOWTIL EBEF LT 20 L THEREIC
BHZIT->TW5D, BEEHEN Y =7 LOR—%)L (MyHealth) > 67 7 & 24
5T LT, BEONY TV MERIZOWTHID ZENFRETH 5,

v' eMERGE-PGx® (eMERGE IZ L 5Wi2e7 =2 )
PEIRHIC R T D IO FIrk B & L C PGx BIEE R 2 B LT ICFEHET 5 2
LEHME LY ey 27 N THDH, eMERGE SR IC Lo Rl 7 vy =7
NCh D, BRMICEE LR LT 84 EIn 1025725 PGx 73 %/ (PGRNseq)
PEWE LTV, £-, BEENS-MAE, WEOY =T EOF 47 a TV
— (SPHINX) *ICEBLTHAL TS (1M 4-15), RKEKBINZEFH LT THDY
o N Ty MIESIEB ORI R BN TR W REEIC R e D (K 4-16),

50 https://ww.genome.gov/multimedia/slides/gm6/05_dan_roden_emerge.pdf

%! https://phekb.org/
52 https://phewas.mc.vanderbilt.edu/

53
http!//www.mc.vanderbilt.edu/documents/predictpdx/files/PREDICT%20Fact%20Sheet%20for%20Prov
iders%202-15-12.pdf,

http!//www.criticalcarecanada.com/presentations/2015/novel methods to test precision personalized
medicine.pdf, http://www.ncbi.nlm.nih.gov/pubmed/24253661

% https://www.myhealthatvanderbilt.com/myhealth-portal/index.html

% https://femerge.mc.vanderbilt.edu/projects/emerge-pgx/

% http://www.pgrn.org/

5 https://www.emergesphinx.org/
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4-15 eMERGE-PGx 711 ¥ = 7 + D5
(HHFT : https://ww.genome.gov/multimedia/slides/gm6/05 dan roden emerge.pdf)
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(5) eMERGE Phase Il (September 2015 - May 2019)
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(H P : https://www.genome.gov/27540473/electronic-medical-records-and-genomics-emerge-network/)
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4.4 Coordinating Center (CSER. eMERGE)

ARFETIE, CSER X° eMERGE % Ti% (& X #1C\ % Coordinating Center [Z DWW Tk %, A
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(3) eMERGE (2331} % & & F51%
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53 %,
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B 555N — R EEDRWEEEEZ RI- LT\ D,

(2) CSER [Z8IT55E) 45
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1% Gail Jarvik™® 5 D 4 £ 3B TV 5,

® Coordinating Center |Z{%, CSER (2T DMEER O I EREL, 2 I 2=T 1IC
RSB Z AR T 2 & EID B D,

® FFERERHIZ & > C. Coordinating Center ZiEE 325 A U v hO—ok, K% Tl
TV HHLWLHIEHREND RIEFRERZ L Th D,

® HOWTEHMNTIE, 7/ METIC L DR LAY 7 MEOHIIERIRICE L T, 4
\Z 4 B L AR— bk % Coordinating Center (215> TUW 5,

® Coordinating Center |Z1%, &2 TD U —F 7 7 )L —F Z /% L EE T HHKEN D 5,

® CSEREERDMEI—T 4 7 ZFIZ20HTH, TDI—T 4 71, 2~25 HnS
TeAXRY N ThDH, HFICBWTEEELE 2> TWA T —~ 20 B %, lEIZITE
FAGFERCEIRE . NA A A T 4~ T 4 7 A%, ZIRTD H5F8 A Y LT
%, 2015 4 9 A ® 7 —~ %, “Diverse and Underserved Populations” }2 *“Communicating

Sequencing Results to Clinicians” T & - 72%,

% Head and Professor of Division of Medical Genetics (http://www.gs.washington.edu/faculty/jarvik.htm)
8 https://cser-consortium.org/stories/fall-2015-cser-in-person-meeting
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81 https://wvww.genome.gov/multimedia/slides/cser_beyond 2015/04 goddard.pdf
62 Director of the Vanderbilt Office of Research Informatics
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https://phekb.org/
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Center DFEFERRDO LN EHH Y, 2016 4 2 HIZHRE SN PMI 22— h 3o
72y MFFED Y 27— MILFICERIR ST 5%,

(4) CSER - eMERGE ®aSHKL—>3ay

CSER M. eMERGE H7213 T72< CSER & eMERGE X°, Z DD 7 1 75 AEkEsi-a
THRL—va UL EBORRNEEN TS,

® CSER X° eMERGE DU —3F > 7' 7 )L— TN EI D S % LT\ 5%

® Wt Tul T AMICBNTHLILRL TEZHOFRmIBHEL TS,

v’ CSER & eMERGE TIEEE D a7 R L — a U INMFEET 5, FlziE, EiafriE
R ORANCET D WHED T —F 7 70— (Return of Results Working Group)
AL, BIEFREREORANCET 5 e LRE L TV 5%,

vV BFHIALTA~OEROFETSE, NEA~OMIEE 2 TR — 3 OIS
I\ 725,

® CSER. eMERGE. ClinGen KON EDfd 7 10 75 MBI D285 13— EE L
TkhV, BEYIMREEN D RERMEZERTED LD ICHELZED TV D,

85 http://news.vanderbilt.edu/2016/02/vumc-to-lead-pilot-program-for-precision-medicine-initiative-cohort-program/
% mrzefsl (http//www.ncbi.nlm.nih.gov/pubmed/24195999.
http://www.ncbi.nlm.nih.gov/pubmed/24625446. http://www.ncbi.nlm.nih.gov/pubmed/25637381 %)

7 W4efl (http://www.ncbinlm.nih.gov/pubmed/22361898. http://www.ncbi.nlm.nih.gov/pubmed/24723935
%)

88 http://www.ncbi.nlm.nih.gov/pubmed/24814192

8 http://www.ncbi.nlm.nih.gov/pubmed/26142422

™ http://www.nchbi.nlm.nih.gov/pubmed/26477867
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4.5 NCI projects (TCGA &R U GDC)

National Cancer Institute (NCI) . National Institutes of Health (NIH) 2z FiZdHh 5. 2SAIT
X5 B O FriEEEE Th 5, tkx 22WFFEBAS D —BE & LT, The Cancer Genome Atlas

(TCGA) LWV o= kil ) AR E T 0 V27 b2, eI a=T 4 &AL L Th=
A N HIE & TR R OME W - B—bE B E L7227 T 0 MEELZED TV D,
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DOTPTEITNIHZE T TR ARSI TH Y . BARMIZLTH S T 7 BEMICDIES (2016 &5
FEFEDRRNTRAIC R LT 1 RV 110 & L CHED

AREETIL, NCI DIEBION, Frl KBRS ) 2R THD TCGA L7 T7URIZEE T 2 HuH
(CGC & GDC) IZoWTik% (KREDOMIC, 47 3 FHRETE LN LAEROFEELIZ
B3 285 TH NCHZHT 23 E CHONTEREE LD D), KEONERLTO
HOTHD,

(1) The Cancer Genome Atlas (TCGA)

(2) 77 v &M (CGC, GDC)

(1) The Cancer Genome Atlas (TCGA)

TCGA™1Z. KEMLZR Y ) DMEATIC & > TR AT T 2 AEH izt 5 - L % B
Hj& L7z, NCI & NHGRIZ X AR 7wy =7 R THD,
® TCGA HIZXAMHTHANDOMEA T — 7T a— D IC I 7 MEHTa A DOK T IZ
KL T,

v Zuv=7 MM (2006 ) %9 <IZ, TCGA @7 — ¥ % NCBI 23#EE 3 5 dbGaP
KOV SRA TlEIHWENRNZ EHB L, ZOoNDmMmFT AR T, &REMUIZIX
University of California, Santa Cruz 7314 - & & 3% Cancer Genomics HuB (CGHuB)
[ hatS i R R hak s SF

v BIfE, CGHuB %, TCGA D721 THRI12 XA Ak Q1T 77 A)) OF—4
EERML TS (TARGETPSDF — 4 L &5 h 5 &40 24 ~HF 31 b (116 7 7
A) TS,

v HIRRABR O TR & E, EHTEIT dbGaP IZHEL TV D,

v At NClHIZ, TCGA IZ & » TH LN BRI EE SV CTHEIRAFZE 2 JRBH 9~ 2 71l %
FoTunb,

™ http://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/nci-match

http://www.cancer.gov/news-events/cancer-currents-blog/2016/nci-match-update

™8 https://clinicaltrials.gov/ct2/show/NCT01827384

™ http://www.cancer.gov/types/lung/research/alchemist
http://www.cancer.gov/news-events/press-releases/2014/LungMAPIlaunch
http://www.cancer.gov/news-events/cancer-currents-blog/2015/exceptional-responders-initiative
https://wiki.nci.nih.gov/display/TCGA/Introduction+to+TCGA
https://cghub.ucsc.edu/index.html

https://ocg.cancer.gov/programs/target
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(H AT : https:/iwiki.nci.nih.gov/display/TCGA/Introduction+to+TCGA)

(2) ¥ 5 k&R (CGC. GDC)

NCI i, HFHIEIC 0D 2 A M A2 I 2 =T 4 &KL LTHIRL., S bIcT7 —#fif
HrofEm LY —bZ B E L TR II 2a=T A DAN=PHHTEL7 77 RD
RESL « MFEZ D T 5, LLRIAYS . The Cancer Genomics Cloud Pilots (CGC) (2R T2
70 RO & MEEL TE Tk v, 2016 456 H H>5 1% Genomic Data Commons (GDC)
WZBWTAK—EAZBET 2 TETHD (K 4-19), 4%IF, RERFHEARY —Z20H
LT DT —HIRHTICIE CGC, T —F AN T FOFE & o T2 SRR R BT I 1
GDC & W o 7 ZEIHD ETH—ERZ2{TH) FETH D (K 4-20),

& /I URNEHOHMIZ, RNV — T4 RV FE, HEEEESIZBIT LR xRy

JEMRET AT TH D, 77U NITK DKM - JREEOMEN R TE 5,
® The Cancer Genomics Cloud Pilots (CGC) Tl&, 35D 3f my hFruvxs %%
MEL., A vy I, WA I 2 =7 4 IZkT 2527 77 FRREZ#RA L, {8
DOFNH L EIT-> TE T,
v" Broad Institute (Google ™~ 5 7 R 2 1%H)
v Institute for Systems Biology (Google ® 2 5 7 N ik 2% H]) %
v" Seven Bridges Genomics (Amazon ® 7 5 7 Nz A5 H]) ®

@

O https://chiit.nci.nih.gov/ncip/nci-cancer-genomics-cloud-pilots
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_Ff\ Storage System
:2
Nd

Applications u ' l
Data
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%] 4-19 GDC »3$2fit4 % #he
(M P : GDC B3 7 )L — 7t k)

(3

l eRACommons

& dbGaP

&®

ég

Alignment &
Processing Tools

N /

! g

44



Validation

Aggrogation » :j“ SI |

thncra'n;ori élwds
Authoritative NCI /
Reference Data Set

0l

.

High Performance
5 .
i Analysis

Search/Retriove

W s P

NCI icData C

4-20 CGC & GDC s
(HFT : https://cbiit.nci.nih.gov/ncip/nci-cancer-genomics-cloud-pilots)
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=T A D= REZF T ) MRNTE FE LT, KETIE NHGRI 7> 6 S 4R 4 52 1)
7o 3BERIN . EOMDE 2 128\ TH KREURR A DFEL TV D (3R 4-8),

#F 48 KHEYT ) L—riro v 7 - it~ % — (LSAC)

K ® Broad Institute®™
® Baylor College of Medicine Human Genome Sequencing Center®
® Washington University Genome Institute Sequencing Center®’
DD [E % ® National Institutes of Health Intramural Sequencing Center®® (CK[E)
(BELLT ® Wellcome Trust Sanger Institute®® (3%[E)
aE ) ®  Michael Smith Genome Sciences Centre™® (7 %)
e BGI™ ()

Flo WO PN LT —F BNRBBULT DIV T —F &I 270D a X b & HlE
T 57, T—F OFIHFHIS Ul A P L — YV ORI, @l R 7 — 2 BmiEN AV b
HE Ol oTnA,

8 hittps://www.genome.qgov/27546191/

http://www.broadinstitute.org/
http://www.hgsc.bcm.tmc.edu/
http://genome.wustl.edu/
http://www.nisc.nih.gov/
http://www.sanger.ac.uk/
http://www.bcgsc.ca/
http://www.genomics.cn/index
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DEFLIZDNWTIRAR D), 7 — X O - BEICB L TiE, NCl 2z, 770 RIGHE
Wo 7o E BN R BRLAED TN D, 207 70 RIERIZOWTIE, 45 ED(R) TRl
D, KEONFIZLLTO®@Y Tho,

(1) Large-Scale Genome Sequencing and Analysis Centers (LSAC)

(2) EHmEME (77— OFEM - H151k)

(1) Large-Scale Genome Sequencing and Analysis Centers (LSAC)

LSAC (B L THE LB R E LLFICHIET 5,

® | SAC |T. KEUAIZEZNRILT 5 72O DRFGET A LB BRSO 704+, fi#hT
Y — L DOWFFEBRSE F T BV CHE R 2 T 5, eMERGE (2B T% Phase 1N
Ty —r vk % — (Broad Institute & OF Baylor College of Medicine @ 2 #ilLs5)
ZARHINICE Y AL TV 5,

®  HudsonAlpha® ™ X 9 2 STAFZERERBE B AIFSE =2 X 2 =5 ¢ ISk L CH ) MRITHERE
gL Vo, & - REBFETOmW0mBEOY — 22 L, UDN X° CSER &
WoTZHF 7 v 77 AL TwW5b, UDN TiL, Baylor College of Medicine 23—
7 — NEAT (LU, TWES] &9 ,) | HudsonAlpha 23424 7 Mgkt (LU, TWGS|
EWVI,) W& E A LT Y . HudsonAlpha 1%, WES (2T WGS 282
Wrag % 25% L5 W% & ORGLAE R > THFEIZS I L T\ 5,

® 5T, FERMICIZ. BB DIEREN MiSeq D X 5 flibiny—r v —ERA T
LAREtE S B 5,

2) 1EHER (T2 DEHE - I35)

LIFIZ, 1) 7—2&RL 2) 7—HEEIZHOWTRRD,

1) T—2&®AE

7 MENTT — 4 (EIZ, BAM BERICEB I NTEY T — %) OFERGIEZ, HFeE
T EIRER A LND,
®  University of Washington Ti&, ~— K7 4 272Nz, T—FA ML —U7 LA &
MAT5ZET, T—HEFRB2 A MEHIIL TS (K 4-21), T—F B2 —PMEA
THN—RT AT REILI NI AL NERETHD (ZHUE, B Z —2E0REH O
PORREICKRS), 7T—T AR —U T, LAROT—TNZ2E, 4~5T7 T34 b &
RAFATRETH V. 1 HY72V 50~60 7 731 b Ea RNy 7T v 7L T05, 7—71%
Dell 1, Hewlett Packard £t & -7 4 L 24k, YV =—1ZHDO L O ZH W TV 5D (X 4-22),
F—T A R L —2E, E LB TEHEICHW S D ATREMERNEW T — % (—H., &

%2 http://hudsonalpha.org/
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BIZHWONTZH% D BAM 7 7 A V) ZEE LTV 5D,

® Vanderbilt University Ti%, 2 fE O HEICEH L L7 — X EEEZHO 05, —
DX IR TR T — X 2 BT 57-0ICH b TWb X2 U T o 2 BEHE LY
— R Tho, bo—20F MERICT — X ETiEZ \EH LI A—/R—ar EPa—F—
Thb, 7 ) LT —2RKRT — % ORFIZIIN— R T 4 A7 ZHNTEY | BT
—ZDOIRFEITT —F A L= 2TV 5,

4-21  University of Washington @ 4-22  University of Washington &
T—TARNL—¥ T—TARML—=VICHNWLND
(AT - RORRRIC BRGE AT AT

(HPT - BRI st

2) T—RERERE

7 BENTT — 2 AT 5720 BAM R VCF L W o e BROT =X & A VX — Xy
MR CHGET 2 FEEAID Z &35, L LR, BHilo BAM 7 7 A L THE+H~
BEXH A N L2 FTP ZOUERY — /L CIHEEE S EEE L 72> T D, 2O mIRO 720,
T ZRITTCIE Aspera #E21C K A EdisE Y — L (LT, TAsperal U9 ,) BHWVWSS K
Y72 > TN 5D,

® Aspera . dbGaP. University of Washington, Johns Hopkins University, Baylor College

of Medicine % CTHIHl &L TV %,

® Broad Institute TiX, Google ft&EHE L, MBEDA L T A T 7 A NEEY Y 2—

a VBT TH D,

% HIE, Aspera #:iZ IBM A FiZ®H %, (hitp://asperasoft.com/)
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...even over long distances, by fully utilizing
available bandwidth

...but has severe performance bottlenecks over
today’'s Wide Area Networks.

TCP %
JTCR *

FASP~ Fully Utilized Bandwidth

4-23 = IHRERIEHN Aspera
(HFT : www.youtube.com/watch?v=vnh5trNmQfk)
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B FCRERE AN SN L T D R0 22 i SR I DWW TR 2 S T 5, LU RIS RE O 2 7R T,

(1) University of Washington

(2) Vanderbilt University

(3) HudsonAlpha

(4) Washington University

(5) National Cancer Institute (NCI)

(7) NIH dbGaP Bfl%E « A A T F 2 AF— A

=7 A : Robert Green (Brigham and Women’s Hospital) (Zxf3 %A & B2 —

(1) University of Washington

University of Washington |28 54 > % B2 —"Tld, 1) 7/ AEBRMFIEICES D D15,
2) CSER, 3) 7—42 v =7 U7 4) BEFERDT =22 =7 V7 5 A TH+—A
Fartr b, 6) BEFRARRKEH, 7) 7 LESRE, 8) EF /AT - IT OFIH,
9) AT LET I L TERES,

) 77 LERBRIZED SRR

® ) AEFIIICICESE T DI & U CITEEIC KD 04 RIA U BHDHN. 2%
BRI A T RBLUR > TBY | ZNENOME THRN R > TnD, A KT
AV ERELIMNICHATAHILE LTH, BHARSANEL HD L, BRICERIZL
TWAHEHTY & 5, B > TL 5D, &S ERIFFERERI O Institutional Review
Board (IRB) |2k 58t Toh 5, IRB Db EER BRI, WHIESINFE ORE & |
EHENCHI > 2R B, HéF, 7w han/ Eo#srTh 5, CLIA (Clinical
Laboratory Improvement Amendments) *SEEHEBILISN ORI L 2 85 T RAEE SO

% The Clinical Laboratory Improvement Amendments of 1988 (CLIA) regulations include federal standards
applicable to all U.S. facilities or sites that test human specimens for health assessment or to diagnose, prevent, or
treat disease. CDC, in partnership with CMS and FDA, supports the CLIA program and clinical laboratory quality.
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2) CSER

® YHFSETIX, CSER O T C, ADHEBDOESNIREZITV, EHIMIZZ oY T b
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THLTW Z &R, Fur T Loffk (EHI7e 7 7 > FOMEE) O REIT
b5, 72721, CSER OF W TiX, LVEZDAXITHEEDH L LHEEIZH )
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) T—EIITILY

® HIPAA®D A RIA4 L AMTFLTT— 2o =T Vo 7 hiEDDHZLITIE, K&/
A }\iMb Mb, TITAN—BRET D00 L 712D a A MiEL 2L,
2T 5 EE b IEF IS E VY, BRM e Hp & LT, mAEBRE O Fﬁ*uaﬁ%ﬂﬁ
®%ﬁ97$®iﬁrﬁ'ﬂ%k TR WA EET 5 2 E N TE LZDICERICIFEA T
X0, KEOHBIEREN LA EZREEICL T 5D,

4) BEXFHROT—HRLITIT

® WFIHENTDY ) AT —X FIRT — X O[T, T TA N —DBILREND
IR D B,

& i PBIAIIRZWDORES, Bt HUORBMOBELROITLHZENEEL R
D —APEET D,

® ZTDXINRRN BERLFRERNGIZBEEBONT —F &7 v 7 u— L, FEES
oo B L AT B BHHAFIET %, MyGene2®3, University of Washington 73Bi %
FD Y =7 R—F VT I REDOFRHDIREDBE &L FENEH S DIERNY T M
WMEV 2T LT Ty b7 —AIT v u— FT L LR E o TWND, 2D
R—Z IV TIEBAM 7 7 A VETHNRT v 7r— FA[REICR D ZE b MEL TV D,
T—H il CO®PHECTEETLNEIT v T a— RLIERABZRD D Z LN TE
5, T2 EMETHICIE. BEHOT X IO OICRMLT INERD B,

(https://wwwn.cdc.gov/clia/)
% HIPAA (the Health Insurance Portability and Accountability Act, >K[E E R DOHEITHE & BRI BT 5 1B
. BT TRBET =2 B S ETOREE B TIE,
% https://mygene2.org/MyGene2/
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BELZTOFRBT, BROREAELIEWAL ETF—20EREILATED, 20 6
b AL SIFREILREEEREREZ AT 2T =7 %1 & LT MyGene2 DAL
ZHEDHTERY | H L ALFEHEIMBITHERAT 2 2 &0, MiEE L IFERILAT D
ZLINHRE L 2o 7o, MyGene2 [E, Facebook @ X 52, ABIE RO & AR5
RGERDD ZENTED,
MyGene2 (Z L5~y TF 7k, BEHEREZFOFIOBNE DT A 7 7I2HESN
TW5, MyGene2 | i%%bt —UXIAT 4T EBWNWZ D, A N OFEEHEIT
University of Washington Center for Mendelian Genomics 23 A L. EFLAE{1T-> T\ 5
(L2, BEHE VWS THY A FEEET LT, 7y e— F‘éhél’\?ﬁ&*@%ﬁ
REIFI LTV, HRFOBEHEREREES &2 OFEBEEZRHEOMTIT, Bl FmaEo
FERCIERIER E A RB - ILACE 5 Lol 5 2 & T, EUﬁ‘éde( ZXFT D IEH
BEBR L TWOHERLE~ vy F 78 ZN60MITICRDZ L2 AFEL TV,
Bz IR IR RIECA IR, RRBE T ORISR Z L b lifFTE 5, AV
TV O Quick solution & b5 % 4% E| A 5727 (Gene Discovery by Social
Networking) .
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4-24 MyGene2 D = 7R R—4 /L (1)
(AT : https://mygene2.org/MyGene?2/)
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DIRARE R OWN T EE— A= ANTRAT D Z LR TRE L focofb\éo L7=M»- T,
*aﬁﬂ%@iACMGﬁﬁzmmmé*k’ﬁ/%ﬁ’EHLﬂwné L2xL, ACMG 4
A RTA PR LT & 9 I B FRAER RO Z i e9c1T 9 2 & IR n
HDHEEZTND, UL, %%03535 PEZ IR 2 LA BT, BEOEERENS B
FHEEPBRL TLE - T D,

T B e a R TIE, Myd6 D> F U Fid, RERTH Y, fEFRE2EE TREIOEH L T\,

% ACMG recommendations for reporting of incidental findings in clinical exome and genome sequencing. R. Green

et al., Genet. Med. 2013 Jul; 15(7):565-74 (http://www.ncbi.nlm.nih.gov/pubmed/23788249)
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101 phenome-wide association studies (PheWAS) analyze many phenotypes compared to a single genetic variant (or
other attribute). This method was originally described using electronic medical record (EMR) data from EMR-linked
in the Vanderbilt DNA biobank, BioVVU, but can also be applied to other richly phenotyped sets. The PheWAS catalog
contains the PheWAS results for 3,144 single-nucleotide polymorphisms (SNPs) present in the NHGRI GWAS
Catalog as of 4/17/2012 in 13,835 European-ancestry individuals from five sites of the Electronic Medical Records
and Genomics (eMERGE) network.
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LEBICAT 4 kX —ORE & RRITEELTWD,

®  Vanderbilt University TiX, & > /SAND 2 » FTIZASA A AT ¢ v ) H—FHEHHD
TR —EFA LT D, —HITERT —F OB B, T IEET — 2 O
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KETIE, BIE, A7+ —h Rarvty MEoBEMEZES % Common Rule & I
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SMITH FAMILY CLINIC
FOR
GENOMIC MEDICINE
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3‘5 & f%ﬁﬂ@@%iﬁ% 3T FETE D,
AT, W, MR REROBRETESTD, AL AMEEEFFOZ L &
fﬁﬁ#’(% AN
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& TEHAMTOEEIIETIE, FRTOEE I/ 7 25 8L T D, YA,
HudsonAlpha 23FTES 27 7 3~ INA~DFRMEZ HE L LT h, 22KFINTHIEA
THEIIThoT,

® I/ EBEOEMKRRYE e 7 AEAEL WS, HEEENG L LI ~—7
077 LNERAO T RN ERNICH O FRENEBRIC Y — 7 Y — 2 filn DS A Rt
LTW5,

o HEAMITOEEA T A4 —2 (TOUCHING TRITON™) HBIRE SN TEY .
LR Y A7 G070, RECEBEREZ O T 580 %2% 5, 2, NIH
DHEIREE/THE LD T 5, 2KOHEWT L 7 — LKA TREERES
- TWA,

® CK[ETIX, AT - Hi#AT - AL OB T REICHED D TH A H HFMEKOZ < A3,
7 AERIZHT D58 ME S RFOBRTFORETH o R AR T bt Tn
RWBLRD B %

® I/ [EMDNIIE, RIZICEEFNEISH ARSI 2 x5 &3 25 e K7 5%
JRICOWVWTOHRRV LI HFTHD E VI EEBSZFH->THDI AL NS,

® HudsonAlpha TlX, AT 4 WVAZ —/VFEMIFIZ, BIEFON Y F 27 AMERRE X
EL WD, Bz, BEFOREME R ORISR 28 E6 280 EiF 5E6
LA HRE LT D (Genomics & Your Practice?) .,

® HudsonAlpha DHEXE 7 0 7T MIBWTEER Y 9 O L SOEHEIL, —RERIC
%L THRKRDERIT DM E G252 8 Th D, R E - bR ERFOEEN %
BIRT LB AR > T, R bW 7272912, BIE TlE“Geno-Hype”

(7 7 DR BRI L VWO RETOHELE LTV 5,

o —RERIF. 2 THERTFICIVRESN, & 55 RBENBEETFIC L > THREATEE
LEZEZDLDEBBRFTTTAN—ZRETLELTENLEHRT 200 EE B
Th D, RAEFTOBEXE 0 /T LATE, EiiESNdaa=7 4 DEREZHR
BIF R ONT ) 27 AZOWNWTEO NG U ADORNT-AF2FCH L 9 I BInEIZ
Ko THER T X D ATHEMEN & 2 BT, & HIZITBEFORSLCEAITED X D
RYEDPERZOND LI BRAREE T 7T LEERLL Y EFTIL TS,

® Hul{E RICK L CIE, s O SAREIC BT 5382 (Biotech101'%4%) 242t L T 5,
MR OEGNFICOWTELEROEMZERD THHH T EEHME LTS,

® F/o U AERBEOMMARIEL, ZWENT ) LT =2 — ARy Nl E
PEHIRIC AP CE D LA Z L HIEL TV,

® HudsonAlpha I%, 7 7 /< IND FER R OERIZB W THE 7' 1 77 A0tz Blth
L7z, [AFFRFTOMIRENR T Z 3~ M TOBE T 0 7T LEER L TWDERIC, [
075 LAORNKNTZAEL FOBZREAICLB Y THLEEZ-Z LD BT,
ZOMOMICBNTCHEEHAT 72 7T LOEANERBL WD,

v BUE CKEO R TOMIZIBWCRAFFERT AMER U 7o 365 0 4 i L T 5 7
DHEEL TS, o, KEDAOKEIZEBWNTY, FFEETOHE 71 77 A

110 http://triton.hudsonalpha.org/
111 hitp://hudsonalpha.org/genomics-and-your-practice
12 http://hudsonalpha.org/biotech-101
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74 AEET 510 OWEEITo TV D,

BUE, BEZEARMAOFREY — VKON a7 T AOBRZICIT, #E, BRE, BHET

7 )Y —HZOE 154 TR SN TF—L203#b->T\Wb, 207 e s 7 A,

T ININOBEE RO U F 27 LB &l LT 5 & RIRFIC, AT & OES

BRI T RMNEDLIMEENLOBERLEEL TS,

TEENAHE R OVNERHEIXF I ) 2 7 AL E > TE iz, DF 0| BN

BEFIZEDIGEICIE, 7 I 7 AT L TRWVELEZF > TV 5, IRERICEE

DX, T X7 AN FIETIRRSND ZETh D, 7 AEFRICETOHE

Ta T LR CEMTH I ENEBETHDL, TN, BEEMOS ) AR

BT 20 ERD D Z L ICBND,

v BB AR EIE, RIS T 28 ARA O HEERLIEZ 1272012, &
FERNTITHANTDS 50 FERTOKMEIZHR R Y T HRR L oTc, ZDO RO r—RIZ
BWT, HEITREVWICEERBER TH S, 7/ 7 AL, HERRE
Rkt U CRMBAICEB X T 2 HERH D, LW IH DL, ERI~EHEEZITI EA
RELETH, BHoORMZ THMmZR8 - &5 o TR VIATLIZDIZ, EARN
R THDLIDIIURTHLNLTH D,

v 7 7 AR, RO REA R TVEND DS, OF D, EENF
Ik L CORNERIORE Z £ LT KWEE RIS & 220, — A— ADEFRf
WX LT /I 7 ADOFREMEZEEL TH 0 2 FRR L LVEETH D 16K
BT D ATREMEIC DWW TIREMICIEE I R 2 72 U722 B 720,

HudsonAlpha O ZE SAREFIIEL, T, @ OFG 2SR & LlcmESRITE L

TW5b, kb, £ < OBBHEGETBIE I T D H K UERN 477 Ty, BifE,

T Z I TIEAEME B OFENEO Y- BB > TV AT E b b T

BN T R ME N TE TV D L IEE AR VIR TH D, R EFT OFHHE 71 7

T AN U AT FER I NETED SRRV HTr L d oo &AL

T35,

HudsonAlpha O #E SR IL, EIRICEE O RRS A &g A Blo T b, ik

2%, SFLIERBFZERTIC N L CElE U CHEB 1T 2 BRIV E LTz, L,

RITITRELZED D X 52> THY AT OEE Bt I — IR REhoH

BEDHET D256 HHATND,

HudsonAlpha [ X4 % # ([CE#EMISER T REY —E A ZRIET 5 X 57 DTC O~ —

T4 7 e T AT N OO BB ER — e R RBREE LT O X —

v hELTWD, KE, HETICEENICERLAZRITET 5 2 & 2EETRD T

%, DTC OFHE A EiX, HudsonAlpha @ B I & E L CU 5723, HudsonAlpha o #

— 7y MIBEF T EITHERITH D,
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4-31 HudsonAlpha DERL L7238EH Y — /L D3 K&
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4-32  Touching Triton (HFELERIT DT ) AEEF L T4 V75— 1)
(HFT : http://triton.hudsonalpha.org/)

4-33 FEMTY~—7r 7 AHEHO TR
(AT = AR iR
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(4) Washington University

Washington University (2 764’ VA a—TIE, 1) ¥k H—L LTORM, 2)
FHEHELR ISR 2805, 3) T—2 =T U 7 4) BRREHEIC L 2 i <— 2 DOERICHS
WTCDIEREFFT,

N 7/ Lt —ELTORE

® Washington University School of Medicine, McDonnell Genome Institute (MGI) XK H#
BLRBCHIRENZIES) LI ZERERI T v . NIH O TCGA IZXf L TRED T ) LT —
Z a5 L L b, TOMATIZ HBIE- L5, [AAFEFT OMFFEE T& % Dr. Obi
Griffith & Dr. Malachi Griffith ® 7 R1%, 7S AMFFESEF O BB AR L, BEL T D
WFZEIZHR D F A TV D,

® NHGRI 2%, MGI & KBUER LI (—#%) FREZRE LzT ) SO (The
Centers for Common Disease Genomics) (ZfRE L7T=®, 77T 4 7 Okf5 L7
LS . DA D ZRFIEBICE > TETEY | 207D OEFIRE HITHi
HE DT TETND

® MGI TIEEFETFTEIVEMRTLENIEBNED T 7 MWW, iilf. Centers for
Medicare & Medicaid Services (CMS) 76 CLIA 37 # g L 7=,

® TCGA LW o lm KEMED T —FINET 1Y =7 MLV 7 LFFEDK=a A MEps
FELOOH V| BIR~DISHDOREMENmE > TV D,

® Dr. Ozenberger & NGHRI ([Z/EEE Az 1%, ERMEL (ELSI) OEPYFR &4t
[fC CSER i H BT,

® MG IFHIfE, CSER2 D= DIEEEHED TV 5, CSER2 1%, CSER O#&fk7 1 77
LTHY, CSER DRRZ S HICIRILSE L Z LA AL LTS,

2) MHRFERIZHY DS

® RHL S ) MMttt v Z =2 L o T RO IO DOESIREIZHND I A NE ED
L L THNR=F NI ADFE T D D, PRERS DS EFRIR BCAIRE =2 A - & J7 3
— T HfEE T A7 & (Reimbursement) ZfE2d 2 £ Tk, 7/ AFIEA BEIRITIE D)
TR LI W ATREMED B D,
v —flEaFTF5sE, HHNE (Pathology) DMFEETHEEINDZ V=T —
U AR T N—=EN TS, L L, TOREMEETHNN—ENDH T L
Iz J: D RENBENKIBICHE S D, 7ol 227 ) MM Ef L= LT,
(ZBET 2 40 DB LT 5 Z L 2FFR S TR, BIEL LT
35/7/ LFENTINFERE S D Z S22 D08, 40 OBIG T DMAEIZOVT L
MEBRTII I N—E NN, &7 LM 2T 5 EICRTFIC/R>TnWD, =
DIFELT— L4, Pediatric undiagnosed disease program @ 7= & OELHIRIE 1T > T
W5, TOERIL, ETRRTHE A=A TND

113 https://www.cms.gov/
114 https://www.cms.gov/Regulations-and-Guidance/Legislation/CLIA/index.html
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v R E DR Y R DS TRRAAMRERIEH & 722 D A IAEE L 722V, [F 55
FEREB LA TWDIIEIX, T LEITZERIRIC E DIEDT N E VIR TH S
(BERIZE > THETH DDA R L 2D X I RIBREOLOTIERY), £
DI, D a A MINFFEHED 12D DB A7), BEFEND OFE D
L2720,

BUREAIZEB VT, MG SRR R A (SR U C ORMET 2 52 0 41 2 A 2 FF

STV, MGl X, 7/ I 7 ZA&ERRRERAFEE LTUERT 72012, B

7 HEA LUTEIRENRICE LTS, MGI X, BEHAMFICR LT &M

IWREBMDDLIZOD, LORMT vt A ROFRETEDBI IT> T\ 5,

) F—ALITFTIULY

Precision Medicine B /2SR & L CHERAN— A DHEEN H 5, FlikX— A& il &

LC, BIFREMFEITT ) 27 — 2 2 G 0MIRIERE G Z N TEDL XD

RHFITER TH O A FIHATRECTE D2 L 212705 2 & T 500 b ERIREIS ~,

Z L CHRRBLG D BAFFE~E N D T — & - R - FRkOMERZ1ED 1,

Precision Medicine Ti&, Z D X 9 72HEk_— A2 ED X HIZEBLT 5, DED 7T

ANR—ARFHEL T =X =T Vo TINS5 M DWW T ORZERER O/

L7 oTWA,

vV KEIZT FANRN—IZE L OERICEERE TS S, Ll EALES I A
M7 — 2% BEOTFTAN—%RETHERIET DT ERAERRR
D720 D0 H 5,

V. HERASR—ZADOE N ESE A7 (Bl A, BEERLOBBICHEZS LI T
HI=DIIE) . SRR T — 2 BNMETh D, MEEEL. T —X> =T
Vo 7DD OREZWETLINENRD D,

vV OFREENGGE LW E B X TV A RERIE &N 7 2 MIxtd 5 BEE G
I CHLNEMZ L THIET 50 & VD A THDH, CIVIC LIRS T 1 7 F
LT BRIZABR SN TV DIt E Tl SN Y 70 R ROEN D OERR
DEFRHONWT, BT IO EZa bz F L L H LT 5RATH D,

RSB DT — X G T DY T T EDT T AN — (RN HE LRI & 7

S>TWNWD, IEET- BT, IRSMEDOT — X2 2 IHT D=0, BEORLD VA

TLERLTWDHEMTH D,

TR EIET LI LICAEBE LW TRy NU—7 ZHELSob 5,

V ZIDOXy NT—=ZIZBMLTWDETORBENS ., NY 7> MIBET 2 1EH%21&
LHZLEMWMTED,

vV FREZEIL. TNENWDNRET2ETOT — X 2T 50T, HDHFEE
DAY T v NEATHMESINE DN RIZIT, ZOEHRE S L IZT —FX—
2EMBEL (Ry NI =2 bOTF—=F_X—=2A% K L), ZDONY 7T MTRE
T HERCFARDONY 7 NERTHROMWESINE % RoF 5 LN TE D,

V WRBINEO T FAN—ERE L LT — 22 AT 25,

T2 =TV TIEBITHE ) —DOEE LT T—FX—R DT ) AT —H

(X DEEMEOMIR D B D WF7EE 13, —IZ, & 5 BE OB 2R TF v — b,
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FERIOFEERIZCT LTI T 7 BATERN, T 7 BATE 57 — X T2k R o

HTHD, T ACEHACET HERMT LA EE T TCORITHIE, IF5EE 2 iEs

T & FRB O BIHENEIZ DN T OBMN R FEAME R A 155 2 &L BREEHC 22 D,

® MGl [ZFR&E 7 m—rLifiRE LTHRDZEDRTNE R 6N EZZ TS, D7

WD, T AT = ZIZOWTIXATREZR IR 0 Bl 7e AR &2 DN T, — 5T, eSS

g (BEIRIZEBIT 2038 oGO N RBAOT — ZITARNIEF ICHETH 5,

COREESIT, IRSMEDEEICL > TRESEEANELRD,

® dbGaP (X7 /) LT —HXIZBTHT X =T VT RORA e R— 9252

LT o TOD R FERFMNS, ZOA =T F 712k L TOBESRENFER I

TWn5,

v' Washington University % & T4 BB & OFHEM L Y — T A TIE, 7 —F ¥
=7 VT BRI HT20OIZ Epic LRI~V ATT Y 7 R U =7 (Epic
Systems #"°® EHR 25 4) ZFJHL TV 5,

v RBEREEORE R T — X =T V) T OEBUL, FNIEREO M EICER S
725 T 5, Memorial Sloan Kettering Cancer Center (MSK) Ti&, HifE, ?’E%ﬁk@
Dhrz—E/— N —BREHEE L, %WI&TT?E?&B&D%< DRBALT
ZRRINT =2 KO ) LT =2 2B L, ZOEREICEALT -2 At
B —DR—Z LB A (cBioPortal™®) ETT7 27 A TE5LHITL TV,

® The Cancer Genome Atlas (TCGA) (Z&IF D/MEIRT —4 > =7 U 7O BEEIZ

TR R TCOMIEE - MFERRE L ILAET 522 Th D, /b2 TO—RT —4

7 7 A v (Primary data file) X ONEE DT T A N —LR#E L W I HIIRIZH 523, AlHE

7RIRY < DEFRT — 2 DRI ND Z ENREE LW IR L T—RICABR ST

WEHT—H BAFEL TV A0, —IRINARESIT — X2 I3 E £ Ty, TCGA OF —

5'/\~X6 I AN T RREREALEENTWD, 72720, 727 ' AHIRR DD

TWAEIKR L TIERFF AT 2RO DMERH D SR TEX H0IXZNDRRD LI

T-h5e %@AT@éo

® NIH OEEHAFHIT, MEEcENSND, i—Shie7—2v =71V 7

RY —ZER LTI EE 2Tz, NIH O FICh 5 5kIE. NIH 225 H5F

FEDMNIEZ R B RN DB L TS T — X v =7 U v 7 OEMICH = > T

BRI SRR T =27 78 AT HEZERERE L THISICHTZ> T 5D,

4) RERSHIZKDHMBRA—ADEE

o (RBRSHII EGTRORESZ AL LT SHEERLZIIET MM H L Tn5D
® KRFE~NAFTAETH S Keiser, Intermountain, Geisinger''’ 25704 < @ﬁ%ﬁ)
J AERGFIZSALDDOH D,
® Rl X 7a{R¥ElE, CSERICBML T, H/AERBWLZ OMOMEZ T 5125
=Y BeEE TN D

15 hitp://www.epic.com/
116 http://www.chioportal.org/
17 https://www.geisinger.org/
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RREHEIL S ) DMERE S HAET — X 2T 7 B AR TH DS,

(5) National Cancer Institute (NCI)

NCIHIZEITDHA X Ea—"TIE, 1) BDAJREDOTZDOORK, 2) 7—%> =7 U7 DX
b, 3) BFEBETR (CWREIFTR) « Bl v o' 7T 2 ERE ST,

1) AABRED=HDOEE

EL e b7 A0F%EFT (National Human Genome Research Institute : NHGRI) (3, 4%,
ZRFRBICS N2 AND T, BDAMZEIZIE, BN LR b TETHD, CSER
7a 7T AOTF T, ARSI ORSM (Germline susceptibility) (22U T A AT
FeaAT O WREMED B D

H T I D CSER2 7' 77T ANFEFICHIBRIES , HETHYH, ML
TV MERHD LT TS, CSER2 121, NIH BAEM L WAL EIC, A5EF
DWGEF Z—DIZE L DD E NI FIIREENNH 5,

v BRI DU EIL, E DR 2 OSBRI A KM L TWD, 7 AER

2BV T, NHGRI 25, DBAMFZENSIGHBIZE~TEN 2B L2 L b2 DE
RAZFEDNTWN D,

CSER2 ([ZDOW T O3 72 FHRA R UVIRIL TIZdH 525, NHGRI (X CSER2 T <
DxfI A §E7R 7 ) L~ —J— (Actionable genomic markers) Z 3§ L7=\\ &% %
TWLEITHD, L, BRI RZHEIIGEDS 2 EI13EE LY, NHGRI @
FRPEFELWA, Bla~v—I—OEHFRICIZEZE R H 5, FFIC,
EEWRE LT 572D DO F o7 e HRIRILA 43 TIXA W FEFHAARILIZ LS < R
EEATO ZENPRETHY, +oetEREEETL2ZL0NHETH D,
DIAAFZED— & LT, ASHMIA R Oz (Germline susceptibility) % #F5%
T5 2 LT EENH Y . Dr. Chanock OHFZEE1XE DI TE A ki 2 TE TH
Do

® Dr. Chanock OAFZE==1%. I A Z x5 & LT- KB ES 7 LESHEMHT (Genome-Wide

Association Study : GWAS) % i L T\ 5, EFEe LRI L . 120,000 A%
FEMTXI G & T& | BIFEL LW ARG O, T, HdEA{bT5Z & A
Dy hTh 2D,

v SR A R & T ARSI EICBE LT, 7 AR T — 2 2T 57200

7 Z v REREETd % Genomic Data Commons (GDC) M3ERICERICe D & E %
5Nb, GDC TlX, 77U RETT—4frb e CTH D, 7277 L. KMl R
%%t 5 & DA OBEITIE, KEDT — & AT+ 2100, IR 5

118 For example, insurance company Keiser has its own biobank:Based on the over six million-member Kaiser
Permanente Medical Care Plan of Northern California (KPNC) and Southern California (KPSC), the completed
resource will link together comprehensive electronic medical records, data on relevant behavioral and environmental
factors, and biobank data (genetic information from saliva and blood) from 500,000 consenting health plan members.
(https:/iwww.dor.kaiser.org/external/DORExternal/rpgeh/index.aspx)
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L7225 W RIORENFAET HMIRENENENRE LR LT VY X85 M
WG AT R DFERICE L T L E 223, GDC IEZ KOG HREZERN LI 1F#
FEMNT DR 728U R & 72 5 72D GEUNTHENT 24T TR IR TH D L&
TW5b,

vV ETOEREET LT ETRE - T 217 9 2 213 TA Y v A%, 3l
E. ANAFM, 27T AHM, 7 U XM 10~12 D Z—ana T R
DF o AR=ii A= FHZ U 72 Hbict 54— T (Aurora) L9 4
HONAK Yy NT =7 PEE LIFROEF L ZIT> TS, 2L D7 V—T1%,
BEICNES CIE#H A A LTV 203, SN & o d#IE O rRENESC, I3 2546
DA EIZHOWTILENTIZ R,

vV HATHIIE T 0 7T LEb BT 50 THNE T — % OEF L E AR R
HlEFR&TH D,

vV SN APTRETIIE RO KT TREF T DIRFEHIEICL > TEA SRS,
HEERAMER LD LT DX ZFOREFIEEEDT =4 =T V7R
b TEETH D,

2) TRz T7) DXL

o SLRNEARMEIL. T —F =7 U T OMMEZ D DT 72 b 2RI 2 &
ThHD, DACKTT DT 7 MEfrofE s Ui, [EEIHES (2, AR, 40J7%)
DOHBBEENMENZ B3 BD, TOHET 1~5%TH DM, T 6O =M% H
T HINE 7Y TN 2T UL L, Z ORI D= DI b T — 2 =T ) v
T DHERBPMA LT D,

0 [HARBEADHEHHAMEZ C.T =X 2T V7 REIASEDL 0 A HET
RETHD, HEAI2=2T 4DV —F—NZOEBUCEHM TE D AHEMERDH D,

® BERIIBWTHLTFT—Z1 =T VU IMNETH D,

o T —HEHFLOMKIT EINTICEDL I FPHREERZR LI E VI IMEI Y LEEL
BFEOIN—T (T4 77V ORWE, SWEOEM, FEr, T, sz
5 19~20 N) ZHLE TSR L TV BEELND 5,

vV OWRE NN — T R S T o AT HREICTHETH VO | KR - AP
FRAZOE M AOREZF Y SE 2025 H L, MEROEAZRETT i L,
LD, RO T — Z TS, TTA LV EBRT DL Th D, 7 M
TEEE DR 72T — X MAER I TNDED, ZNE AN T Z T X&), &
ToARTE D DPIZHONWTHIER LA TN RN E Z AL,

vV T BTN T T A OREFICE L CRYINAREN 2 KD, FTT—H v
=7 V7T 5 3k, Bih, BENGL BETH D, £ LTH I —DiEN
AFA L THYT 47 AT DMREDP AR L TNDZ & TH D, BURTIL,
T AEREEITICHEBETH2HEMERALE LTS, KEICBW TS 447

119 The Medical Center of Aurora (“TMCA”) serves Aurora, Colorado and the eastern Denver-Aurora Metropolitan
Area (metro area) with three separate campuses providing a wide range of health care services. It was founded in
1974; it now employs more than 1,200 people and is part of HealthONE, the largest health care system in the metro
area. Currently, there are more than 450 doctors on staff and 346 beds. (http://auroramed.com/)
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YT A7 RAEDDANLF, 2 Ea—F - Ta T I UL TIERIC
RN, EWFOMRELT LHLFFLADE T RWEAERH D,
vV arVa—FREREEE LT D KFEOMIEE TN KD & OZHRN LAY
FhETSICHEHBEL CE LT, ERFFMOMLEHE VG ER, SA A AT
FNT AT AL D N DN B A THY . HOEEET HEIT 45
WLl EL 7o TnN D,
® HARTT =XM1 T T A L EREES D56 MREBEIIAA A T ~T 17
ADHZE L BEFOEMF OBMRMELE (LT 5 -0+ dlizE = F -3 4
FA T AT 4 T ARDOFEE DRI DT 5~6 4 OBIEFOHEME NS DT R
NAW =T N—T%FM L, BEMICHLT RS 22RO D K5 72, BRI %
HOFEMRETE S METH D,
® WMREDOFENT —X =T Vo TOfED, ExI L TEECMEL, & L TR
DERICER S NS RSB O T RS OFERRICIEH £ 0 B2 AT B,
MREDO=—X %Wl L, AaI2=T7 4 2F O ENEETHD,
® ~(r/u7 RJta—3 3 (Microattribution) & A FIo, BHFZCICE L
T N2 B ELIZFT 5 2 & OBEBEEREM STV D, BARMZ2ERL & LTI,
N2 DB LB T AL EFE AT DI LT HEZDTIEID LD, FIiH)
RRRICHEBEERTZERD D, 47T MY Ba—ya id, R0 %
RTENRD D, B2, Fimsn~A 77 N a—Ta 28 ALEI LT,
NYT v hOREFINEZ T WO ER LB D, 7 DFROGE, &R EASE
T OB E I SINE ICa %7 P LT RO EEEZHIS ZENEETH
Do
® KETIIEFAMIEBIZ L > THER SN T — X IXRICHEDRRETH LN, T —F~D
TR AEGIRT D Z EITIIKRTH D, BEOEFRE @D HT-OIIE, FrEDORE
BIZRET 27 — X132V L, ERIZBWTH B « I B FEN &
LN, TS EBRROTDDOT =22 2T ) o LR A ICEZDVERND D,
® fE[|/%/ 27 A (Population genomics) (2t~ T, T—4 =7 Vo7& HME L
Al TEECHS, A, ~1L—3 T A=A T VT, TITVNENL R
7 DIEBNCEET 2N 7T DT — 2 PR SN B DIEFIN DRI U AN T R &
FFOANADPHEALINDZ EHBIOND, EDL I BRFRNLS E TR TE o
TR T2 R F BN 2 ATREMEDR & 5, EHER 2T — 23 =7 U 7%, BUET
L, EEBRAIO T b7 —BE A L THWDICTE RN, ZOEKRN G, EEE
#1112 X% BRCAChallenge 7’12 ¥ = 7 M, EMZ L THRZMIICERNH 5,

120 Micro attribution ascribes a small scholarly contribution to a particular author. A very good example for where
micro attribution can be valuable is the description of genetic variation. A March 2011 Nature Genetics paper
(Systematic documentation and analysis of human genetic variation in hemoglobinopathies using the micro
attribution approach) concluded that micro attribution demonstrably increased the reporting of human variants,
leading to a comprehensive online resource for systematically describing human genetic variation.
(http://www.nature.com/ng/journal/v43/n4/abs/ng.785_ja.html?lang=ja)
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3) BRMMR (ZRMFR) -&EBHhooEUY

® RSB ~DOMFAIFTA (ZIRAIFTH) ORFZHE L LTWbH DL, 56 EixF
2N T OREFEF ORI D), 126 DB ABIZFIZ OV T HIRAITRE D) b
W REREC . RER R B2 (American College of Medical Genomics) 723EL[EI L C
W5HZEThD,

O HETREEIT ) MRIE AL BESFNLBIEA T Y TN D LED RN
EEBR LB TERLRN, A 2 =3y N ETOBEBIV Y V77 E 25
DEWFTENEZ BN D,

® 5% ? 10~20 1%, BE L ORI IBIRAEEIZ 2D, A7+ — L Rart
> MIER (Dynamic) (2720 | HHRITEFH SN2 TIRHRY, T—FX—ZD
K72 b TR ER IR D 2 12 2

(6) NCIGDC F%F—L

NCI ® GDC BT —LIZxd D4 X E2—TliE, 1) —ERAOME, 2) BA% - A
R a—)v, 3) VAT LAOERER, 4) T—XBEK 5) R T T A T 1%
Wa1H7- (GDC OWEIZOWTIE, T45%((2) 7 7 v FIEA (CGC, GDC) | #&Mf ; K&
WZIE, 45 Q) ICREHE Lo efflhae £ 20 D),

1) Y—EXDHE

® GDC I, NUT v ha—VE#EY— XL CRIET L2 TETH L, DOV —E
AL, BHEEICE 5T, T— X OB ERIFO DI EHET — % % GDC IZT » 7'
— KT 570D v T4 T LD,
vV T8 %7v7u— L%, &EEIL GDC E (ZFF U RE) CEATE
D, NUT Y RNERIEDIZDDNA T T AT HENTED,
v fREHTIZ GDC ZIEHT 2 Z & CRTBHBADE R A 7 T 2 WD BN e < 72
0. FTEBER DA E R/ NRICIERIB T 5,
® GDC Tlit, TCGAD X727 uy =y MIBITLT —Ffii A 7748, —fk
2 — PRI DIRNT A T T A EFE- Db D Th D, ZD7=H, GDC LoD
T 2T BRI D,
® GDC &, KB/ T — &% ORR5RE « BEE D 7= 912 API (Application Program Interface)
EHELTWAD, APl ZHWT T m 7T AEBRRBTIUL, 7 —ZITkT D E/EMT
MABEIC72 D, DFEV | B —FKX—F 1 —% GDC L HET LY — LV EHRETHZ &
ZEMAREE 22D,

2) A% - ’MERTT 11—

® 1 ERPE : BRIERE. MREEREDORE Y — v —OBET — 2 A2 A VAR — M T o8k
REDBHFIIEST 5,
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® 2B T X ERET HOOREDORRICHESIT S (BIfE, GDC ORI,
2 BRI H D, T — A B OB — NV Ra— A BT = — ZADT A N EAT
STEY, HRAITHE IBEFBOIEEICAVIBEDTND),

® F 3B T A ST A L ORRRICESNT S,

® 206 FEFE~EIIY—EAZWETHLTETH D,

3) VATLDEKRER

& FT—HN—2

v

v
v

2016 -3 H 9 HEBIFE, 7 7 A /L4060 J5 1,781 {4, JEGFIEL 1 )7 4,052 {42 K&l L
TWD, MT—XRFEIX, 167731 h&po T 5,

VAT LORT —HEEL LT, 3~ RN, INMEHAFREL D TETH D,
BUESFATHOFBIIEIC LY, 5% 2 FUNICT — X K& 3PB 228§ % &
THIEND, E5l2, RE®Z % =060 7—2 OGS RIS,

o SHOBFMIT, NCI 72T TH 1L HTADOH LWES - S NEN 6T — 4

EWNETHTETHD,
o SHOBEEMIZENT, /NEOTF—Z LHINT 5 Z LN TREND,

® GDCOTFT—HETIL

v

GDC OF—4%ET /v (K 4-39) 1L, AXT—XOEERE, AXT—HF N
Akt L3567 —2 LORE 77 7Lzt D THDL fl : ABl>HR— 3
VoA T ) a—~ (RIEO—FR)),

TCGA i, kMDD T—H2ET /N (VU Lb—afIIET)N) T, T—HEALD
B 2 > T D, U L—3 g BT L TIIEME T — 2 R 7N T
HZ W2 A MR, BTt T — 2B H A2 BT HRWMITB W TT
BEEZ LS E TV BERH DL Z b, EHIZT A NRIND, TD A,
7T T7ET I EDOEENHETHY | SUED 3 A MR/ E S THL,

74



+ The GDC Data Model provides a graph representation of GDC data and

metadata elements (e.q. sample — portion — analyte — aliquot) and their
relationships

4-34 GDC THWHLNTWAT—XET )L
(HFT : A v & B o —Seig gk}

4) T4 &K

® GDC 3, 2 HHORERE ZMEL TV D,
v AT R
WH . API OffICEI LT NCI & 2B &i 5, AP ZHIWT, KT — 2 %
BT D (DA 2T =2 DAL, JISON R UMEL D07 — 2 B,
Vo EAT 2 8E DT R KOS R E
F— A B OKFEY — & AW T, NS — X2 25695,
e GDC O « v n— RR—% i, AN BT 57— %, KT
— S BTT AL TS ERE ST a— R 5 D ENTHETH B,
e GDC ~D7 —# % fkA"—# /L (GDC Data Submission Portal) ¢, == —#—
LY RU =Ry = TR0y =)L, R, AR NS T
— % (Small volumes of molecular data) 72 & D7 — & 288k 3 5 2 & 3 HE
Thbd, Vo7 X—=Y LT, BIh57 —ZITk L TORGEE (Validation)
HAMRETH D,

5) N4 T4

® GDC DOfi#fi /31 77 A > 1%, DNA/RNA BLH|T — X ORI, ot b7 ) A
7 7 Ly ARSI (GRCh38) & MW AREIC/R> TS, ZORAL T T4 &N
HZEIWZEST B N L2V 77 LU AR EIZB T AN T U FORIEE VST
FEMT A AIRE T D (X 4-35),

21 http://www.nchi.nlm.nih.gov/projects/genome/assembly/grc/human/#GRCh38
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® GDC L, LLFD X 5 Mt DTz DI <A 774 v EHEL TV,
v DNA-seq derived germline variants and somatic mutations (B2 7 — & (2535 < NV
7 bOREE, K 4-36)
v" RNA-seq and miRNA-seq derived gene and miRNA quantifications (RNA-Seq (2 L 5
FE BT | 4-37)
v SNP Array based copy number segmentations (7 L 1 (2 X 5 22 &"—$r &A% LT
DA B —HDIEE)
® GDC |%. Baylor, Broad, Washington University D#-/3A 75 A L% (KHI@IZ 81T
HNYT U NERET DI DM 123 7T 4 &L TS, BEEIX, GDC
DAY T RDREIZOWTA—T  CHEARER N 7T A Va2 LT
% (X 4-38),

GDC Object BamToFastq [—— FASTQ
Store
Q?Ji(lftly < Pre- Y
Report alignment QC
P Alignment by
Read Groups
Post-
alignment QC v
\/v Data Type Specific
Harmonized) Post-processing < BAM Sort and
BAM - (e.9. Markduplicates, Merge
IndelRealignment)

4-35 GDC OF—FWHTU—7 T7a—DFEAT 7T A
(P - A v & B o —Sei gkl
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GDC Workflow Management System

BAM  FasTQ

Validate BAM File
vcard ValidateSame

!

Convert BAM to FASTO
mtofastg

Biobambar

> Ba

Alignment Statistics

Validate BAM File

VialiciataSam ile

*

Mark Duplicates
P

By Read Group .

Pre-alignment 0C
FastQC

v

Adapter Clipping (Optional)

Alignment

[X| 4-36 DNAEHIRE « 7714 A2 b
DI T T A
(HAT : A v & B o —S gk

GDC Workflow Management System

!

Extract FASTQ

]

Alignment Statistics
RNA-SeQC

By Read Group

Pre-alignment QC
FastQC

.

Adapter Clipping
Trimmonm

STAR

%] 4-37 RNABHIRE « 7714 A2 b

DN T T A
(AT« A v & E o — et k)

Baylor/MDACC MuSE Somatic Variant Calling Pipeline

/ Tumor BAM Z
E Normal BAM /

MuSE Call

_/

MuSE Call
Merged
Output

WashU VarScan Somatic Variant Calling Pipeline

/ Tumor BAM 2
E Normal BAM /

MuSE Sump

—/ Variant VCF /

/L.
S

», INDELVCF ;

_'_‘“Z SNVVCF

Samtools . . VarScan
h Pileup File .
mpileup Somatic
High Conf Germline
SNV

SNV

/ v

/L

Low Conf
SNV

/ SNV LOH /4—

WashU SomaticSniper Somatic Variant Calling Pipeline

/ Tumor BAM 2
: Normal BAM /

SomaticSniper

Variant VCF

j

VarScan
ProcessSomatic

B 4-38 {AMif AN T b= TN, TT A
(HFT : A > 2 22— e ilE R
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() NIHdbGaP F% = * A T F 2V AF—L

NIH @ dbGaP B3 « A A T F o AF— LIkt THA o Z B 2—TlE, 1) NCBI OF—
2T )7 HAE 2) doGaP D E/R HIY, 3) dbGaP (ZEE S AT — X OFfSE, 4) dbGaP
\Zxd 57— Z BEk, 5) T — &77%x$— 6) T—HRN—REHEAL T T) T—H
«@77?2%[@@&%@ 8) F—HL =T UL TR —,9) HHEMOF—x2 =T~

BT 2B E 157,

1) NCBIDT—42> 7Y ) VT HER

® ClinVar [IM7 L7277 — X _X—Z2Th v ClinGen I3Z D@EELDT- DT 1 7T AT
5%, Clinvar MRV 4 55— & 1%, BEH XY Clinical assertions 235+ 5- & iz
NYT U MERTH D HHHIBEER ST 7 2 MERNSREI & KRR Z R
I EEIRTT 570, K0 2 < OEFRE BN ZEDONRY 72> MIET 57—
ERERT D, T2 Z Clinvar DEEHTH 5,

® ClinVar IZEERFIHZ B L T 5D1Zx L, dbGaP X%t A HEVE T2 DO Th
5o

® PubMed 2 O} PubMed Central i, 7/ L5 ER & TO R A RS E LT 5,

® N TAEWMTINT — X E MO D T —F N — AT FEEDFEL TV D

v GenBank (X INSDC (EHFHEERSY) T — & _X—2) @V — /71@#&5@3@ U

BRI ZR O D T —FX—=ZATh D,

v GEO ., BEFHIALMOE ST —FX—ATh b,

v" Online Mendelian Inheritance in Man (OMIM) % Johns Hopkins University 25 # & 4%
AUTNEGHRBICET 57T — 2 =2 Th%, OMIM 1%, t MEET & st
REIWCET 20207 THY, FICEFSN TS, OMIM (T, FiCEa %R
& RHAZ T%) > LAV T ORGEMEIC 7 4 — 7 A LT Y | Johns Hopkins
University =582 & % McKusick-Nathans Institute of Genetic Medicine & /z = = AF4E
FricsnTHFab—a SN THND, OMIM OREBZFIET FA PR—ZADT —
2T,
doVar |[3HEE ST 57 —# X=X Th 5,

v SRAPIIRIA Y — v = N TH LN Y — R F—F DT =4 _R—=2TH
2,

v MedGen1%, 2012 fFICHAE o ImRMER BT 5 R — 4 L Tdh 5, NCBI DF
BT — 2 R b L, ZOEELICES o 7T —7 X—2 (fl21EX, GTR,
ClinVar, dbGaP, PheGenl 72 &) & OEAEHHEEZIT > T\ D,

v GTR (The Genetic Testing Registry) 1%, M RtE (F—EH—) 2NHTEMICHE
I DIEMTH L, B FREDHP, FiEim, 2490, AHEOHL, kK UOHKE

<

122 4hGaP & ClinVar D3EWNIZHOWTIZLL T DY A k%228, (http://ww.ncbi.nlm.nih.gov/clinvar/docs/clingen/)
123 http:/iwww.ncbi.nlm.nih.gov/sra

124 http:/iwww.nchi.nlm.nih.gov/medgen/

125 hittp://www.ncbi.nIm.nih.gov/gtr/docs/submit/. http://www.ncbi.nlm.nih.gov/gtr/
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i 5% O IEAGHLROE R & N o T2 AR 2R E R AL D TV 5,
v MedGen X TOXGTR IZMDT — % _— 2 L 0 & EHFR H B O AR,

2) dbGaP M X7 BHY

o E{ TR OFHAZ KBAICIE UT-FE 2 kIS L Lok 7 — A4 7 Th
Do
® JRIZT /7 BREMKLTND,
O BERENDHT—HIIN—=Va VEHEN TV,
® 2fHHDT /EAMEIRN B D,
v' PublicWeb Pages : '~ VU —L LT —ZNEEND
v Controlled Access : KL~ L DF—ZNEEND

3) dbGaP IZEBEENHT—4% DIELE

o KB (BRMHT— 2. A F~—h— T 57— X
%, CT mifg, IRmif%, %)

o BB KT DML O T 1 b

® EETH (7 LA ZMNESNP RUNCNV, A > EaF—va Ui X bk
BRI, BHIR RS B D13 b T R )

S
e
N
|
X
<
P
H

4) dbGaP 29 & T—% &k

® TFT—ABEDTH—F v — MIX 439 DY THD,

v dbGaP |27 —# &4 7" 1 & A&, Study Registration, Data Submission, Study Release

DIDDAT =TT IE->TWD (FIE, % A7 —O@Principal Investigator
(PI). @Genomic Program Administrator, @dbGaP D& & Z kL T 5),

v 51 A7 — (Study Registration) Ti&, H&FEI72MFZED NIH OEEIZ K D058
NE D DPRER S, NIH EERAL L2 0%E. OIXOISERE L, Z O
TR SN D,

v 2 A7 — (DataSubmission) Tix, @iZM% [Submission Portal] (Z Invite L.
% DR — 4 )LUIZ Phenotype, Metadata X Y Molecular data Z#&Hi3%, @IE7 —4% %
Z L, AT O,

v %3 A7 — (Study Release) Tix. @i Accession F5 4517 L, K&V A b

(Preview) ZfERk. Oi%, Preview NAZ KR L, HF5ET — X OABIZE S,

126 http://www.nchi.nlm.nih.gov/projects/gap/cgibin/GetPdf.cgi?document_name=HowToSubmit.pdf
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dbGaP submission process

Study Registration Data Submission Study Release
Discuss the project, data sharing plans, and Certification with an Review Board. Data Submission questions contact
Provide the Institutional Certification to the funding NIH Institute. dbgap-sp-help@ncbi.nim.nih.gov
s
o]
2
7] NO Follow NIH
Is the study ollow NIH
g Start Studly NIH- —  Guidance
E Registration 1. Upload Phenotype
funded?
w and Metadata using
a Submission guide
o
£ YES B
& J 2. Upload Molecular =
« Enter study Information data using ay
« Updale when needed Submission quide = ::;;: Approve preview site =\
Contact NIH Program
Officer or Genomic
Program Administrator I
I
£ I ves 1 ]
[
o8 &
e P NO = [*;“'
a3 Starts registration in the system SEENGEUE et &) =
] jd b
s 8 e =
EE muisple oraions
g ons
o<
0}
o
©
o  Assigns accession #
2 « Creates preview site Py

4-39 dbGaP D& 1t A
(P - A v & B o —Sei gkl

o REMTFT—FXDOHETFINILLTDOEY Th D,

v OWFROMER, SHEEE, RSNE ST AERE G LT — X 7 7 AL, KB E
F&#N L7z 7 7 A L} O Data Dictionary (R Z GB35 72O DEEC, £ DA
DOHEIFREEER L7 7AN) ZRE LT 7 A NVERIZD,

v\ “Submission Portal”’& W) EFX =2 U T 4 BRI NTEAR—FNLVERHNTT 7 A V%
kT 5,

V T=HT7ANDNEET =y 7T HT-0HIZ, “Submission Portal”Z il L CTHEH S
iz —41%, —H., “Preview Site”lZ7 v 70— RENELZTPINT v —FK
ENTAEREHECE DOk D,

v PlOARZGFTHOARIND,
® dbGaP [Zxf L TGRS IIHEEBUIATE L3 D Th 5, 2015 K E TIZ 601 D
F7E (X 4-40) BEERS TN D, BERSNT-FESINE O L HE LN TH Y |
2015 ££(213 1,238,033 1 (X 4-41) L7p-> T2,
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Studies Samples
601 1,238,033

1,102,193

875,396
781,663
686,736

558,193

167,599
106,754

2007 2008 2009 2010 2011 2012 2013 2014 2015 2007 2008 2009 2010 2011 2012 2013 2014 2015

4-40 WFTEIER 4-41 WFEESINEEL
(HFT : A > 2 o — et gtig sl (HHFT : A > & E o — S gig sl

5 T—AT Ut ABHE

® T UEAHENKRINZVDIX KGET —F >y NBHBENRICH D FEHIHICE
FENZRND FEHER - NERREERGETh 5, &OBOMIIZ L > THLILE
T =X, FFEDOWFRIZHR L CORFIHNGED Hivd, HEENENEH ARl T — 4
E—H L TWRWEAIZIIERRA TSNS,
v HFEOEERITE X E 70%~75%DKAET—EL T 5,
v HEERERIIR 3 5 7,000 4 TH D,
v ORRHEIIARI TR X2 57,0004 TH D,
v SN D O FEEEET 4,600 R TH D
® EADLOHFEEITIINFTH D, NCBlLIZ~—r T 4 ZIEEN 2 1E & A EITH> T
WA, REENRE - TV D, BFEITEICKEEOEKEENSDO LD TH D,

Approved Access Requests

2007 2008 2009 2010 2011 2012 2013 2014 2015

4-42  Approves Access Requests : KR8 X i7- T 7 & A HEE K
(AT A v 2 e o — SR iigr
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6) T—EAR—XEEXA v T

& XX vuTDNK
v ORBAHHM Y L —F— 44
v ﬁﬁ%mﬁ%%;V~&*:4%
v BERENET 20BN ETF 2y 7 THY T N =T ORRRE 54
v BB AT LAORRE 24
V UxTAUE—T oA ADORRE 34
vV TAX—=20ty NT v THYE 4
v TR AKRBNMLEIRER S O E (FF¥ - BAX) 3, 44

) T—3~DT7 U AERDEE

® T 2HEMLNIZ, T —Z~OT 7| AZHE L TV DHMFEE WY L— 7 12%f
L. doGaP ~D 7T 7 AFFR[Z TV 5,
® dbGaP |27 7 B AHGE & H L TV DHIEECHEEE 7 /v — 7%, 32D 7 mk X &ifk
TT 7B A~OHF GO0 END D,
v WF9E 27 v—7 @ Principal Investigator (PI) 37 7t AHGEAZ T Z LICEIEL, H
HEEILEA
vV FREEEICERELTCHD [T 7 7 AHEHT) ZESHDLIWVITEMLE
(Signing Official of the Requesting Institution) 226, 7 —4% 7 78 AHFEDOF Al (&
%) w15
v dbGaP OF =47 7t RAaIT 14— (DAC) MHT—4 7 7B ADF A &GS
@ TDLOINRTUEADIEH TV EATEDLLIICRDLETITIHERICEI 2o TL
Frr—2AbH 5,

8) F—ELTTYLIRY S—

® Scientific Data Sharing Division (%, 7 —XIZ7 27X L L9 ¢35 THOa2—Y—%
KGETDRY = RO S DSF L XEATENZDONWTORY =% EH TV D, [FlHS
T, 77— =7 V72 L TN OIEEI 217> T\ 5,
vV T8 xT7 VIR —DER(END—EMEE R o TEITINTWAHZ ED
)
v ORRY = NIHO2REICK L TEmMS N TWD 2 & OffERS
V FRIIKTHET I EADE=ZY 7 (FERLVR— FDOER)
o T —HFMFIL F1LE, F—FOMHTER T — 2 AT 2 MEA e & &7
L mEERRN LT b0,
® AKRYUV—EEXLEHFIZ AdGP NHX v ra— RKLiT —X 2T H0ERH
Do MHRRC X DEERNT, YT — X OWEEEZ MR T HT-OIIIEFICEETH D,
vV OEREOHIE. WXEREIL, MEAEZEE LTI B2,
vV SFETOEZA, EX2 VT BEOLND LD 2 EHUIIRAEL TR0,
TEHEITEAL T 57, 30 AOEEMRAHES LTV

> &

\
H

il
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9) REBBF—H2DTFTILY

o CKEBF ORI E S E (Office of Science and Technology Policy : OSTP) %, 2013

T TBORFBIRRIC & D BRI SERE B~ D 7 7 & 290k &9 L=, MBI X
D277 T 4 T TCEMISNERFEEONRIC L > TR =213, —i&%. &
3 R TERERE (R OFEE) ICH IR &N s K o lcdg sz iz b e,

VOB THY, BEFHUEOREMIEET 57 —# b Z ORI o7,
TR TV TDEDIT EFXa VT A RRET —F OEE LRI ODOXRMN
Tl T\,

G BB EIC X A BADPMETH D,

F=AERARI G N ) 2T =2 =T ) JRY — (GDS) ICAE LAith

X722 5720,

T2 ORI L X EEORT HHEEICKR I T2 @ — KL EsR

ETHZET, T—FNEAINLZVE S A Z TR AT\ 5,
ERTELNDT — X EeRB LT 2T =X =TV TORRBIEE > TWND, I
WZOWTORY =T FEEED LI TV,

127 https://www.whitehouse.gov/sites/default/files/microsites/ostp/ostp_public_access_memo_2013.pdf
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35 L : Robert Green (Brigham and Women’s Hospital) 1239 54 2 Ea1—

AFHAE CTiE. Brigham and Women's Hospital @ Dr. Robert Green (2L R, Dr. Green) 7% ACMG
FERZHEA~BINT DR T DEFRICEBRT DHEEICONWTA, V2 B a— & FE i LT,
Dr. Green (X, 7/ AEIRICBET Dk~ Ie T —~ &5 L L THIERTT > TR Y . BRAFT
FO(CWRIFTR) OIRFENZEI L Cid, ACMG MHELET 2IKHIF_x 24 %A - 56 Bis 1%
=~ LT2Em 3L T d 5 “ACMG recommendations for reporting of incidental findings in clinical exome
and genome sequencing” DEIHHEZ|Z H > T\ 5,

IDA B E2—TiE, 7V =h v —F AT K o TR R SN BREIET R (CRPET
) DOWIRSBINE DR, &5 DEFIREICFE DS WG ORI, Dr. Green
NI FATWDIIGE T B ¥ = 7 s OBUREDS TLIRGEE E e o7, AT LT, Kik
OB SIZE R AR S TR T %, REONFIZLLTO®Y Th D,

1) 77 LEFROME

2) AUTINVEEERvs. Y A7 R Tk
3) HEHERE XA (DTC) vshf5t
4) BTR A vs.BUMF

5) BisFRRARE R O]

6) Dr.Green N EEFT LT 1mY =7 b
7) eMERGE

i 2 : MedSeq

) 77 LEROEER

& “NETORWVH., BEFVICH SN LRSI, /NNEOFRDERE, FFHTA TV
BRI, N TF o b, BRCA ICBET 25 E (A A, FEDA). BSADLRE
RDEZR IR O TV e, HMEEE S | BRMRHEES 7 = =17 b U RIED H
DIZole, LnL, B NP2 A7 aycy FOWEKIRE ., HINROREI ED, B
TN SN DRI RMICHE 2 TE T,

® k| Genome-Wide Association Study (GWAS) DRk FIZEL Y, &Y ST LR R

(Common complex diseases) (ZRJ#9 2 —HEEZA (SNP) D[EIE S AIREIZ 2 > 72,
BANIE 10, RIF 100, £ L T1000 &VD K92, kx & U AT ANY T o FRFERE
NTE,

2) AUTILEER vs. YR NYT Uk

& ) AERTIE, AVTNVELKEY AZ YTk (Dr. Green 1ZY A7 XY T
FEWD HEBEE SR TIEBR L WO BASTHWTWD) I L TIEX SN A AR H
L0, TRUIRAENTTH D, BEHEEEOEATYH., 2ERIL 100% & 1 ER S 220
5ThHb, LTFIXZopITHo,

VN TF U R IR 100%DEER (BIER) ThbH,
v BRCA1 Di2iEHIL 60%70>5 70%TH 5.
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v ODENE, AERPELARIERE ST (Hypertrophic cardiomyopathy genes) % 5> Tl il
X, FBIERIT ERD LB LN TWDHD, AR —ZDIFFEN FEHE STV RN e
B, FOEfEEED D Z EITHEL VY, £ 40%05 50%72 & 5TV 5.

v’ PCSK9 72 &I, DWEEBBERZEDD, HOHWIEKSTHEWHI @b HY ., 4>
AT 12 L EbN TN D, £ ThiuE, EFITENY ZATRTH D,

Vo T oNA < —JFICBET S ApoE (ded D 1 a B —7a b, A v XiE 3~5 L F
PNTN5, bledDabt —%22L > TNbHE, A XL 15~30 IZE TENRN
LHEEBEZLND,

® FURTIIALVTIVEMGBHE U AT N T > NORBICERREZ GV TO 223 FFRmIC
B RARIIBERRIC 22 5, Dr. Teri Manolio D02z 5 A4 721 (kL (Effect size)
Zftdh, 7T UAMEE RIS LT, XU T hDEA Ty BT LK) AURT
Loz, 2L OHE, ZINTHEEIZEBRT 27 L A BREICERT 27 LVIZH
MIZHHIND O TIEAR L, FRIZRMAESITOT LV BHFEL TV D,

& NUFURNUVFERANRAD I IITHRNEETZFFONY TV N FETHHDOLH
FUE, GWAS AFZE C— %I flidbit D SNP TR IR SN TYH, WEHNZ
EREL WA TR H B,

® DVLOBISNEZRNT, AT b T LAOMIIET D) 7 > SREEAFET 5 (b
O THMBRMESTICHLT LA, DFV., AVTFLABEEFROANY T R
(Mendelian variants) & 2K ED/NYU 7>k (Common complex variants) % 5/
HbDOEZEZHDOTITIRL, BBINOEWNILD I EEBRTLHIMLERD D,

3) HEHEERE CRX (DTC) vs. B

® 2007 HZVHEEEE (Direct-to-consumer : DTC) OB A — B AN KESLZ
DODE % ThhE > T\, 4y 3 #TH D 23andMe. Navigenics, DeCODEme
?H B, 23andMe LIAMIFE > TV 72wy, 23andMe 13, FRIX eI BI3 5 1)
SLVERINTEE (Recessive carrier traits) P2 [k 7-% £ (Common-complex) (2R L T
DEGEFHREF—E A2 R LY, 2h Db o223 BN BisYEE
(A 5% 7,

@ RAFRIUS LT, BIRREDT 7 /Juy—t, EAEAZMIZ>Tinolz, 295 L
7O OEY XX, “DNA First” EJER TE 5, BRHEHRELOMHOFIZER LT
<HifiAv s LitZevy, DNAFirst &9 O, JRXUCR D ETHRIET, FELRTO
H/r® DNA & Z1T 5 L o ettt Th 5,

® FIIISNP ZRRLETHEBENOHEE-~TN EEZLND, LML, DTC BfRE
ROHEL D, BARED 2 A MREGHITIK T L, 24/ AFFIRE DS O HIRET
D EIERFIT 2 WIT T CTh D,

® DTC BinFRANEH LK, BEFHEENOIIIFFICRERKERNH T2, 7/

128 Manolio TA et al., Finding the missing heritability of complex diseases., Nature. 2009 Oct 8;461(7265):747-53.
doi:10.1038/nature08494.

2 ZOMAEIL. GWAS OFERICHE SN s b b D,

DB D fERRME 2 72 5 728D 50~60 fH D SNP Z i~ Zh b aZHE T 23HEBERTY A7 Z251H L
TWLEALH D,
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LERIL, BoTcflibh ) - B O I T 52T 5L REIEMTHY | JE#ET D
DIEL OB D72, LinL, HRAIZ, #h2id M2 AN TER) 2k 5
FFIENZENNTWD, Ziud, AT A4 a3y a—=< U X2 (Online consumerism)
EBRERDTIZA S, T MEATRE RIS TR OND L DIy | kT HE,
FIZIZE O T A0 CHRITRROBEWR LA O LT 25BN EEND,

® [FHNHTH, BINREITAHATH D & OGN > TE T,

v ERESECBT DEYIREIL. T RIVEAL TH 72O, EA E MK
T30, 2,000 75 3,000 KVCERTE S L DI o7-,

v ERIZBWTIE, SRR A (Undiagnosed Disease) O fElk CEIFIRE 2 i & 5% 1
AN TW5D, BlziE, THPEEETH D L BbNDIERERi > TV DA,
FEAITRERE RN D 25~60%DEIE TIERICET 20 FHIRIEMEZHFL Z &N TE
Do

v ERETTEARLS BAIRER R D AHMERKEE  (Recessive carrier traits) 1
WER[IZY, 7y —~ad ) I 7 AL LEREGTZY . IR AERTZH

(Non-invasive prenatal screening) 72 & £k % 72 AFHBIE DA 21T O Z L H TE 5,
INDIFAETEIRED A MMETFLEZZ IV REMESNTEDEHTH D,
& Ty—~alk) I ADMEIHIE LT PCSKI IZRET M EN T Hild,

vV R IR ORI O N o Tl ZOWIRICET MR E L KE L o T,
Z LT, A AR BB ZINET 2TV — 2 b0,

v WHEF~OBERNT 7 —F EESREDE K I AL ITEEEREAAL D
DELTHRLTWD DD, HY WMERZRINT 2 Z L AEEL < — T Talf®
EHDICIEHEVICHLERRETHDHD, ZOFTETHE HISTE RN 0 )
KO IRRPUTEDP N T LE o7, BInEHRITEMEZ S, A2 IZENEZH L TWDHT-
DITIRELAE L TN D,

vV DT — R B, ZOMBEICH L TEBINTWD, TORWE, TEn S
WOTFERDELDON? || B TEX 2720 OBERETHNDON? ] L) HOT
bDH, KEFFAND LNV, RoTL A& 21T 2THRLYY] EW)HHol,
RIND N2 & HEE LTZBRY Tl 5 bEERIC TR THRLWY] &BFXTVWHEH T
H5,

® (ilxiX, WERBEMONA AN TLI0 HADESIREEFMLTI-E T 5, T,
DT T > T, HRE OIBFCEBICHE BRI DD Tk, 2ok,
B DA 23BN REZ2ONE W) N EAT D, EDICHED B 5 7=,
BRCA OFRIEICEIL D3 7 h A RO ADVF R S huiuid | BT R0 ke i,
72 WSROI BN E L 5,

® L IUXRAZETIL, ML L ITHIRIREIENH D,

v o THRTEDOBEOERIISIO L I Hx TR ER RO TEBEL LET 42
TOANDPESINREEZZ T HREL ] LWnWH T Tan—FELoTn5b, TR E
LEDREANOEXGRE LIZIGFEI L 2o TWNVD,

v ko FiE, TRIEREREZ BT 5120025 ) AEVIRE 2 Eii§ &7 Lo
BELEE-> WD, T HIEZDHHEET. Leroy Hood 23E'E4 2% P4 medicine :
Medicine of the future that is predictive (7-il]) . Preventative (T-F/j). Personalized ({f
B{t) . Participatory (1) OFEBLZHIEL T\ 5,
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vV ZOEMIIE VR ARLEMMIIC HIRFE L TETWDHD, M mEE (ELSI)
SEICBWTEEICEZ BTV 5,

4) ECRR vs. BFF

® LUXRA (FEEF) LBUNL WD NHIAFET D, 2 ZTiE, FEIZ NIH 2K 508
FEBRR ORI Z BUF &0 D) SHE TR L TN D,

® DTC (UL, UTDOXI RBNNH D, Zhbid, 7/ MMEREEADADEN
FTHOOT TV EZRAIEHFEL TWD, ZHHLSMT S RO DORT T BN,
BT — 2 ZERO—ITIERNT 5L WO 7 AT 7 2 HELED TV D,

v’ 23andMe

v Google 7= DIZE KR BIR T HEEBROLMEZEZ >OH D Verily

v" Dr. Lee Hood @ Arivale #'*

v Helix (DTCAE YRR L LT I OBRBEA#ET L 2BHRLTND)

® NIH ZZDORHOMELHEL L5 LA A TWD, L, BEIZEET LT/ A
B PE ORI RIS T 5 Z EDNEEIC H 70 > TE TV D, NIH (ZI3kE~ 72 8%E9 23
b5 (EDRMTITIZL DT 7 DGR S B D), £ DRIThi b K& RE O
ek & 52 1T TS D1, Dr. Eric Green 237 « L7 Z—% % % National Human
Genome Research Institute (NHGRI) T& %, NHGRI X, [HADOWMEFHICT T N
B2 Ex5GET T DMIEDOTZODEKSHD I b —F Ry NT—27 ZHEHE L T,
Z KB E S Z A LT, TN O OREM 2Ky N =2 T T O#EY Tho

v 994 FTHEEL S5 The Clinical Sequencing Exploratory Network Research (CSER)

v 7Y A N THREE D Implementing Genomics in Practice (IGNITE)

v 4% A - THERL X415 Newborn Sequencing in Genomic Medicine and Public Health
(NSIGHT) 3

v 7Y% A FTHERL S5 Undiagnosed Disease Network (UDN) %2

v 8 A K THERK S 415 Electronic Medical Records in Genetics (eMERGE)

® ClinGen H EHETH 5, ClinGen I, FFZ NV 7 hOSFHIZE LT, Halekr ¥
— CE < WF7EE DA AT D,

& “NHDFXy MU= DMIZBWTHEENRRWDIT TIERWA  —D2>—2DxRy hU
—ZIXENEIVESTZEI) AD T ) AERICT 70 —F L ENENRBENVEA
WEWRNLY ) AEFROM EEHEICHEET 52 LA HEBEL TV D,

® NIH (%, Centers for Mendelian Genetics <> Centers for Common Complex Genetics & V>
727 ) BFFREICHFTERI R L T D, b D' v Z —id, BB DT DIT, KEE R

B0 kA (fElE) ICBEEBREENTEV I hEbEIL, FIATARVEFETH S M
Clayton Lewis %3, Molecular immunology. Biotechnology, Genomics M ELFH5 T 5 Dr. Lee Hood & 5% L 72
=tt, EAOBEEREZ S LIC, BFET AL 2R a—F o 7 — 22455, hicdh, HERORK,
PEPAEE . MO EMmAEL E=42 ) Vb RMET 5, ZNOORA LT P8 2242495 Arivale £
Scientific Wellness 7' 72 77 L~ —{E A\ O[] 202 FH13#9$2,000 (2016 4HI1E) , (https://www.arivale.com)
BLNSIGHT 1%, Child Institute 2> 5D 7 7 5 1 v 7 1% F T 5,

182 Dr. Green 136 A b & 5 &b =723, IEL <%, IRD 7 ¥4 | : Stanford Medicine, UCLS, Baylor College
of Medicine, Vanderbilt University Medical Center, NIH, Harvard Teaching Hospitals, Harvard Medical School and
Duke University. (https://www.nbstrn.org/sites/default/files/holm_nbstrn_2014-09-22 pdf)
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BOAIE 2 i L TN D & 2 ANRE,

PESER K OB % & e FEB R ORI D 72 2> C ZEE RPN b OFFFEBh AR b K
ERBEE RO TWD, vV T a—k o INCH DA F AT 4 B 7 ) KR
v % —Tdb % Broad Institute | X R OBFIEBIRL 2155 = LICET TW5,

e (Institutional funding from advocacy groups) 7> & DAFZEBIALIL. & F 0 ZEA
K& <220y, filZ1E, Cystic Fibrosis Society 1. Vertex t & #A T, JRIRIEFIRE D
BMERER T 7o T4 v TR MAE LN, ZTIIHSNHTH 5, Society for
Hypertrophic Cardiomyopathy 72 £'1%, W94 X 2 5 & &I AE FF > T 720,

5 BEFREFRDRA

[ ]
v

AR~ KIEEIT, PMI 2 HEET D720 O PR EZF LT,
Genomics England °—= 2 k=7 72 & R R BSIR EZ FEE L CWAHEAX TH S
EZELInTnd,
KED 7 DDA AN 7 LR T RBUSE 2R E Y 7 Vv— N & EhE T 2 N H
Do
KHEREIX, FFFESINE I3 L ClEfs FRAER ROBRHZHEL T\ 5D,
L2rL, A AN 713 BB FRRAR RORINCEE LT, 5EsinE — A—AD
[BE %2 F o Institutional Review Board (IRB) & RLf#E L RS LEHETHGHI L
TR ST R SINEIZHIGTE 0P EEHE I LTV 5,
Dr. Green 23B5- L TW D3 A A3 7 (21E, BEIZ 25,000 A3 OF BB Gk S 71T
%o T B OFEHIXT L CORFINRE Z Bilas L7225, WFES g ioxt LT HiRAI L
RO BHDHNIETOERET 4 AT ICANTETONE N Z LGk INT
W5, ZHUE, KEINTOHREGROH TWARWRERBETHS, b b &ix TR
HIT AL AT, FEEORICED TRFIZLESTEL | EWOBEENERT
HoTo M, BROENDRNT AL ITEA LS LERE =T LE D] &0 )
FZEDL->TETWD, R, 4. RELREEICH D Lo THhnh s Liven,

6) Dr.Green AxEF 570 H b+

MedSeq 7' 1> = 7 X, 100 4 OEFHHE ZEIIRET H7 1 =7 FTHY . 1,000
J RVORFZEBIEL CEi S VTV 5, F 7= Dr. Green B3R\ D HFFEH T — A%, B
FIPTERE R OBENAE: 5 A ET 2HMENEENTND, ACMG FREHED
Presidential Session (23 T, Mark Williams 758 2 B°—F Tt T = X 9512, RO
RH & Z DB IO T ORFERLETH D,

70 LDFFROMFTIX, I — Z RN RV TS 23, Dr. Green [E [ AE—
NT =4 | OIEFICHBEZ R > T\, DED | BBROHLIE, KRR T—F D7)
WCEENTWAIH A DIERZBEDIZDICED L HIITEISLIZEDLN? EWNWH LT
b5, ZOBEN, Dr. Green 23HULMNZ 72 > THED TV % [Genomes to People (G2P) |
TuYxl FNThDH, ZOTuT ey MTIE, ER, 1TE. RIF~ORGIRERS RO

138 JE44 1%, The Eli and Edythe L. Broad Institute of MIT and Harvard, Massachusetts /i Cambridge (2 & % /3
AFAF 4 TN F ) WY —F ¥ —, (https://www.broadinstitute.org/)
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W R REFEL T D, BEn % (Gene discovery) <CHEHIBAFIFILhE L T
|

o M. EBIEERIZETHLERALVWEDE LW OBENEY EIFbsnTLE-TW
Do FIE, BIBIROMERIEZ Y | ERTAEORK 2 E X TWAHEREIX, £ T
JETERCNEICREREELEIERE D, —FH T, BEERORE DT, <D
NZESTRUEEREFLRNZ ENZN T E A EDBBIFEIXY X 7 H+T
HU, MOEFERSEHTH Y AT RNAILFIZHE > T DB TH D, Dr. Green 1L, &
IRHIFRFEUC R DN D D RIS Z2H T 2 X< DE ATV D,

® Dr Green L, 7/ A ~—JFICBLER>TEY, 2000 475 REVEAL Study %
B4h L7z,

vV JRIOBHNVT U MaROLMD I LI AREG SR ITERNICRDEEZ
Bb, LIAN, RRNETHDZ L 2M-oTo AxT, EEEZECT, ¥4I
T 2, WEIEOMZEICH L TERET L, k%L LTS5, R Eno T 27
aERDIEEHEATNDS, DFED | [bRTEOa L ATa—UEX, ZOHEY
TY) R LIEFFDOANL DORUGE, TH727-0 ApoE 12 9 TT ) LIBXT-RFD
OB TRZEZ 2D, EWHZETHD, LT, ZLDAXIE, ZOL 9 RIEHE
/AL EE®RS, L OERERKL TS, I, BEORRTHD,

v' REVEAL Study 2°513 34 KOFRINAHERI TNDH, VAT ZESRLoTTHITS
2y, EOLICHRN T a haVEERT 2 E Vol T b EEN TN D,

o HUIk, £< ®ELSI BhEDENE D,

v’ ACCE 7 L — AU — 7 8 B FRESHTOFINE (EDOREDKEED & 2 D))
i L CWAN JRE LAY T NOBEMEORE 2 ENAHETHDH Z LT K
0. BER~OFEDIMITEEARHEETH D,

v RBEOBEMERHE VIR 7 TH, ZOFRITEE /D) 2 N & D3kl & S
STHEDIEZTOMER S D ERZON2 EVIBNWHEFEEL T 5,2 A MIHED
THID DD, BB AR—=FT 2002 EVHI LMW H AL D,

v BlZIE. — RVEDNT T, KZWiiEs] (Diagnostic odyssey) O -f-flilZAk 4 7oA
T IELI0 BEFHREICL > TREHIREZKDOOELZENTEHDT
bX, TOHFPERTHD FHEMCHLERID D),

0 HELETHERBEORMIEL TEADDIL, TERICEITILONE I DIEHn 6720
N, REFEROBEINC L > T, AxB (ENEZATWDLEHEEIZE) Ko<k
WO ZEFREZEIE] ENH T ThHD, MURRHETH P2 LiX, Ax R
70 MERE/FTGE. K30 N BEFERLEHNALGET HE NS 2L THD,

o KEODF ) AEWRICEBWT, SRR TR HAR—SH TV DB (IR B2 L S
IWCWDIER) X, ADEBRTH D,

v 4 Aa @ Nick Volker DED r— 21, RZWHERI TH 7=, =7
— MM L > THRIEENR RO -2l L THEL TH S,

vV DL IFEAEDHEE AT LULOBEINRHTE, < DAL DEFITRE 2
A X7 NI,

® REINTIIEDV D Dr. Green O L TlE, MAEFEROEAN 2 ERTORERE 23FR
RENTNWD, B 72 X 2T D EMN WD — 7T, & CHOEENRERMMNND &
WOFERNH T ZATH D,
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° %L IRTDHESIT > TV D, FIEUCEAT 2D T FOFRESICEE D, EAl
NEITHOSAHF TREEZZEZ D020 bDTH S, fRIEINo Thol-, B
T&%% SR D EBERT-DIE, T o — MRROD 1%AKi T > 72,
® 2013 FFE T, KENTITMBEFEAFTA (ZIWIFTR) 1o Toa e ANFFEL
TV o7 ACMG Z HLLIT, BFBIRTHR, (CRAVFTR) & L ORAIM R EER -
BLICEHALTOREEZE DT,

v RS BEHESNDRE 24 OFER E | FAUTEET 5 56 ORAVEIS AR E
NTW5, ThbHDOBEFIE, BICEBICERT A8 BIREERICBEE L T
Do

vV IO OERIIAL OmERD b LT MERE AR LARVWOITER FIELL 2
[N

v ZOfREHT. T AEROBINCEA L TORM E LRI Z 4T > 72,

® GenomestoPeople (G2P) 7m = N3 X, WFZEBINE DY /) MMEHRITKHT 5 KIE
R0, B FRARIROERE - TEHE - BFEE~ORBREHAEL TV D,

v #®»—E & LT, Michigan Economic Development Corporation (MEDC) 71+ =
7 hEEM LT, 7uyey MI, B FREORREDEMICE > TRREEZHE D
DINE D IPERFET D720 DD ThHh D, D792 Randomized trial 7350 i
77

v\ CSER 71 7' Z AR ONENLEAENFEFT O —E & L TEeR 22T T\ D,

vV REORRIZBWTEE R RIL BEDRROMAIZE L CERNEZZIT 5 Z LI
WA EZE L TWAHZ ETHD,

® 7 AEFROEEER EOF RN, BEICK > THIA LA EMTIlEe<, PHERIT
BT 56D TH S,

v" DNA First GB{x B CHRITEBOBIEME Z T HIERICEL TS £ 5 2efko
H) 127 b BIREDPRELSRDWREMEN DD, 2 A MK LTT / MMEHROE
IR EOA MM ZFHET 5 2 & BNBETH D,

v BIREE T, 2O XD RFHI A ERT HICHZD | BT ET VARG LIL T
7enNTeh . Dr. Green DFRNWD T —AX, T OXINIHTZ > T\ 5,

v T MEREERICENT 256 OB MMBRICOWTHIZEL TE Y, Dr. Green
DU =T WA EH— AR LTS,

1) eMERGE

® ACMG (2 X A% (ZWRATHR) I2B3 2 E TRENTWHEE 1 v b
R ﬁ%%:ﬁt@ﬁﬁ%ﬁLMémé%mf%é
v eMERGE 71 7'J A%, 100 DELETFITHOWTH ) M2 ERTHZ L IZEE L

1% The Genomes to People (G2P) Research Program is focused on the judicious integration of genomic research into
personalized medicine and clinical practice. A number of NIH-funded clinical trials in translational genomics and
health outcomes are currently underway in G2P, particularly in the areas of genetic risk assessment and disclosure,
outcomes of direct-to-consumer personalized genetic testing, and the use of whole genome sequencing in clinical
medicine. (http://www.genomes2people.org/g2p/)

B IvHMOT 7 T 4 T TH D I VA URERRE R L —v g VA,
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Too FRMT L7cBS D S b, BEITHITER L BEHT HBRICERT 271y M,
BEBY A MR TnWs, 2T (b0 100 Bx 1) OFfEED bivdt
2OFEELHY, —HTHLHAREED H D,

H7% eMERGE OH A FTlE, f&if. ACMG-56 (ACMG |Z X Y FEEAIE I mW
& ST 56 BIRT) IZOW T OB R IEHT 5 Z & 2RE LT,

o HNZZ D56 BIGEHIDIEEICIE, 1) Bl rREEZZITHE VWD) Z LI
BEKOEMIANY T FERLTHWDIDITTHY N T M EERRER
THLT TR (DOFEY | EFAICELTWD), 2) M EoRAICIX
BIROAHIT 2, 3) BREMEOEACY -0, HFESMENLETH D
NTRETH D IPRANTH D0 EBHR 2 < BREMRITRA END, &L, 2
D 3 FIZONTIE, L DAL EG/NREN -T2,

o EHERHNZH D % < OWFZHEESN = DFIEZ B A TWB D DA ZH 5 BF%e
BERIL, T L b ZHIUCHES TWD DT TIEZR VY,

o EIFITAIZHBWT, T AERUNDEFR 5 & O—BEMEEZ RSO THIUL,
B LIRS AR5 Z LD, ZOWA . FEEREORMANAEICHE
LT, BIROKHIDBRND, LR, 2O vt RE5 ) AEROMHEK
ICRFHIAT Z LTI, BEOH CREN HIICHE SN &V 5 Bl T,
ELSI 53D AN & INBIRAVA R 22T T D, TR b EEE2E N
MEITEFOARMETH Y | BINT LA THDH, ACMG Tix, BIET
I TR EZZTERS2W] EWVWHI ATV a ra2&IT V5D,
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## 2 : MedSeq

® MedSeq™ iZ. ERHLITIHITDH WGS FERED S ) KMEBOE AN BE ORFEE
WEIGICBIT 2 BEREICRETHELHEL TV D,

® LERE ., HEH ZXRICWGS ZFEMT HHEE E D TRWEEE T, B - ERD
O, SESERT U NI LAOENEERL TS,

® WGSHERDULR— M HEOHEES I U0, WAEEDE AR RS - B
G IR E O D LT EVE A S 252 L TV 5,

The MedSeq Project

U01 HGO06500 (2012-2016)

Cardiologists and Primary care physicians and

their patients with cardiomyopathy their healthy middle-aged patients ;
Randomize each patient to receive Randomize each patient to receive <
¥ 2 F &

©

Standard of Care Standard of Care Standard of Care Standard of Care o
+ + + + 3

Family History Family History Family History Family History

Review Review Review Review o

+ + u
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=
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Physician reviews family history ion and results from G Report =
Patient's electronic medical record 5"

' E

@
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H
v
Medical Record Review

4-43 MedSeq (23T DT A
(HiFT : Robert Green #2 & £}

1% http://ww.genomes2people.org/the-medseq-project/. - http://www.ncbi.nlm.nih.gov/pubmed/24645908/
137" http://www.ncbi.nlm.nih.gov/pubmed/25714468/
138 http://www.nchi.nlm.nih.gov/pubmed/26690481/
1% http://www.ncbi.nIm.nih.gov/pubmed/27019659/
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LABORATORY FOR MOLECULAR MEDICINE

:__ » " CENTER FOR PERSONALIZED A teaching affiliate of:
mbridge, MA 02139 | .'-’\]\' I NI '.I{.Hf GENETIC MEDICINE

| FAX: (B17) 768-8513

MEDICAL
SCHOOL

Name: John Doe

DOB: 01/23/45 Accession ID: 0123456789 Family #: F12345
Sex: Male Specimen: Blood, Peripheral Referring physician: John Smith, M.D.
Race: Caucasian Received: 01/23/45 Referring facility: Double Helix Hospital

SAMPLE GENERAL GENOME REPORT SAMPLE

Sequencing of this individual's genome was performed and coverad 98 2% of all positions at 8 or higher, resulting in aver 3.6 millicn
vaniants compared to a reference genome. These data were analyzed to identify previously reported variants of potential clinical
relevance as well as novel variants that could reasonably be assumed to cause disease (see methodolegy below). All results are
summarized on page 1 with further details provided on subsequent pages.

RESULT SUMMARY
A. MONOGENIC DISEASE RISK: 1 VARIANT IDENTIFIED

This test identified 1 genetic variant that may be resp ible for existing di or the development of disease in this individual's
lifetime.
Disease Phenotype Gene Classification
{Inheritance) Variant
A1. Episodic ataxia type || - CACNA1A .
{Autosomal Dominant) Poor coordination and balance p.Arg2156GIyfsX32 Pathogenic
B. CARRIER RISK: 3 VARIANTS IDENTIFIED
This test identified carrier status for 3 autosomal recessive disorders.
Disease Phenotype Gene Classification Carrier Phenotype*
Variant
. i Chrenic lung and digestive CFTR . Infertility (moderate
B1. Cystic fibrosis disease . 1585-1G=A Pathogenic evidence)
- - . - CLCHN1 - Latent myotonia
B2. Mystonia congenita Muscle disease o ArgBI4X Pathogenic {case repart only)
N Hearing logs and retinitis USH2A .
B3. Usher syndrome type I pigmentosa p.Gly204ArgfsX 12 Pathogenic None reported

As a carrier for recessive genstic variants, this individual is at higher risk for having a child with one or more of these highly penetrant
disorders. To determine the risk for this individual's children to be affected, the pariner of this individual would also need to be tested for
these variants. Other biologically related family members may also be carmiers of these variants *Carriers for some recessive disorders
may be at risk for certain mild phenotypes. Please see varant descriptions for more information.

C. PHARMACOGENOMIC ASSOCIATIONS
This test identified the following variants associated with drug use and dosing. Additional pharmacogenomic resulis may be requested,
but will require additional molecular confirmation prior to disclosure.

Drug Risk and Dosing tion
C1. Warfarin Decreazed dose requirement.
C2. Clopidogrel Typical risk of bleeding and cardiovascular events.
3. Digoxin Increased serum concentration of digoxin.
C4. Metformin Typical glycemic response to metformin.
C5. Simvastatin Lower risk of simvastatin-related myopathy.

D. BLOOD GROUPS
This test identified the ABO Rh blood type as O positive. Additional biood group information is available at the end of the report.

It should be noted that the disease risk section of this report is limited only to variants with evidence for causing highly
penetrant disease, or contributing to highly penetrant disease in a recessive manner. Not all variants identified have been
analyzed, and not all regions of the genome have been adequately sequenced. These results should be interpreted in the
context of the patient's medical evaluation, family history, and racial'ethnic background. Please note that variant
classification and/or interpretation may change over time if more information becomes available. For questions about this
report, please contact the Genome Resource Center at GRC@partners.org.

1

4-44 MedSeq THWHIL TV D WGS 5RO LA — k
(AR http://www.ncbi.nlm.nih.gov/pubmed/25714468/)
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5. BRINDENME

51 ZE

JEE T, ERZ KRG LU E RS R -CEEA RO AR 215 LTS AEROEBIZ
)1} 7= FZFEAF 4 (100,000 Genomes Project A OF Genomics Englad) . Z[EZH81F 5 7/ AEHES
HOMEL < VEHHL BRMNIZBT 52T =22 =7 U U ZIZon Tk 5, REONFIZLLTFO
WY ThHD,

(1) 100,000 Genomes Project A TF Genomics Englad

(2) Oxford University Hospital (2351} 2AF%es &V 7 )L— K

(3) EEIZEBIT D7/ AEFEEHO AL - IEIHH

(4) EMBL-EBI

(1) 100,000 Genomes Project & U* Genomics England

HC[E Tl 2013 PRI (Department of Health) 233725 _EIF 72 [EE 423 CTd % Genomics
England O FE|2 XV | BAEA/DERERIZRE LT 10 HADT 7 AMERE M5
100,000 Genomes Project 73 BiiA & 7=, AFHAE Ti, Oxford University ~DF5FRA 2170,
100,000 Genomes Project Mk & Oxford University O B2 258 L 7=,

LI'FIZ, 1) 100,000 Genomes Project OAEE, 2) KifH %z & O 72 BLSIREMRHI OREEE, 3)
B 25 D17 — Z fRHT IR ORI SN Tl %,

1) M=

100,000 Genomes Project |%, REULIZHEEROEEZIETL7n Y =7 FTHD,

® R[ETIL, lE, BIK LMD 7 7 A4 T U+ = d 0 R R
DG B TUVW5, Genomics England 12 NHS & #F9E4 O [ CH & 7 15 i A % ik
D5 R RS AR L TV D,

® NHS(ZXV, 7T R&HIZ 13 I FT?D Genomic Medicine Centre (GMC) 73R &
SIhTWd (¥ 5-1), Fic/EIlESE, FbR< A3y FT U FEINT 50
RN & D, GMC 1ZADIRIELVAVBE D (FRETHIITHIE L Z D) ZIEHY |
100,000 Genomes Project {23l 2 #2925 (X 5-2) , GMC (345 #ils (2 F51F %5 Regional
genetic center O&E| &= 7= LT\ 5,

® GMC Ditkid, BELWHITERWERUZ Lic BT, 38 & BIEfH 17T Genomics
England ® Data Centre (Z{#%& S 5,

o RLZAZEUBHZ, Nlumina #E23ECSITRE 21TV, BAM X° VCF OJE 0T Data Centre
IZRE S D,

® GeCIP (Genomics England Clinical Interpretation Partnership) (%, Data Centre |ZfRE
NI ) DS E BRIRTERICESWT 7 AR & RB L OBERHT 21T > T\ 5,

CeCIP T, Wt L EERENHE L CTHFZE2 D T\ 5,
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® S5 ODRMMEELEIREHERDT ) T— a VNIET IR EEALTHD (i),

® HETRERBREOMIESINE ~OIRINIEBIZ LY Bleo T D, R BIREZRE T
BEHT T —ICBETRERBREZRAL, x40 —7T v 7 %1795, <D
PIRIZOWTIE, BERNCEE Y 7' ) V72 E L, BE & HoICEE LE o R
BT D, FBELOHBNEIESL 207 n v RSN T A2 eRb 5, BEI Y &
U 7 OB, Z2< OREICEE U 8T —NEERE L ma L, Wik R xR
L2 EC FER~D 7 30 —7 v 7 A& L’CEGT“@%E%:{*DJI T5HZ LT
o ZOT AL, BERHNCL TR D,

W Ledu organisauon North East and North
Cumbria NHS GMC

Greater Manchester
MC

NHS Gl Yorkshire and
Humber NHS GMC

East of England
North West Coast NHS GMC
NHS GMC

West Midlands
NHS GMC

Oxford NHS GMC

West of England
NHS GMC

North Thames

NHS GMC
Wessex
NHS GMC
South London
South West NHS GMC West London  NHS GMC

NHS GMC

5-1 GMC f5ED =R

(HHFT : https!//www.genomicsengland.co.uk/taking-part/genomic-medicine-centres)

Researchers

\ Researchers

Clinical data

Sequencing

Sample (Numina) Sequence
(o)
(=}
2 GeCIP
o .
2 Contract/ Embassies
G Procurement
enome ;
Medicine Genomlcs # | Data Centre
Centres Clinical
Contracts

Interpretation
Services
Clinical Report

Research Reports

E‘nenugj

England

5-2 Genomics England 0%/ L7 —4 @Yiﬁﬂ
(H{ P : http://www.ukbioscienceforum.org/

The power of big data in public health - Professor Tim Hubbard Genomics England.pdf)
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2) RREIZEDT-ERIRERT DHEE

100,000 Genomes Project (21, FEFRESCT /7 — a VICREEENRZIML T D, L
T, BTV THEE A RS,

® lllumina £t/ Genomics England OECFIIIEERERE 2 1 5 R 2 HHfE LT\ D,

® Genomics England, Sanger Institute, Hlumina @ —7% > 3> 7 Z "%, Wellcome Trust
@ Genome Campus NIZFTET % E/VICFEE LTS (¥ 5-3),

& —“FORIHTIOED—r P —%fA L TFHY (HiSeq X, HiSeq 3000, MySeq %)
—IAEZ 2,200 N5 DEHHREDR FRETH 5.

® L URARALFaR—1a DD, 200 NENETED KT A4 TRAN—RER
ETETHD,

EvA 7 (LFEH) : Sanger Institute
D RTA T RE FEERA~DOHEIBIRD
72 DFEHHT

BEoA VT =Gy Te s E—
1~ —P : 100,000 Genomes Project
1 B : Sanger
2 [ : lllumina

(100,000 Genomes Project & Sanger
B, ZNEN 30 AREOY—F
— %R A)

Y ERT : Sanger ®EEE<°. llumina ®
HEPBHICHEX D 7 =

5-3  Wellcome Trust D%
(AT - RAR RIS iR R
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3) RRZEED-T— 2 BITIRT DEE

Genomics England TiZ, 7"/ A7 — Z Tk 2t &2 REIGE L T 07 I 7 B E&& 0%

L THY A TWD,
® FSIRER RIS T DT /T —va yEUTIORT 5 DORMMEELEHNLTWD,

v
v
v
v
v

<\

BAFEIL, B D NHS ORI WT, 7/ AMERICT /7 —va &ML
A= N AR T 2B 2 I ML T\ D

Congenica

Omicia

Nanthealth

WuxiNextCode

IHlumina

GeCIP (Genomics England Clinical Interpretation Partnership) (%, HEAEOFEIECUET
—V TRE SN FAA FOHEMFET — LI L H0H98 - m@@% HTND, B
AR T — L%, BRI ROMRE T 57200 T, B, A V74T 4 7 A,
MBI E . 7 AERICBERT 2RI L T\ 5

RAA THFIERE . BRIREE, HHEAEIZ X VSTV

PR E72 GeCIP A X=X, 7 b7 —Z LIRIRT — 2 G35,

NHS OEFIREICK LT, BIRPRERMIT O I TWRWAT 7 2 EOfEIR A 3

T2,

HE., G, SR PEENRT —~ T D RAAL U BMFET D,
MB@%fEi HW%M% ZxF LCTH 7 AMEFTRER AT 5, GeCIP X, W%

NER 75)%®E§Fhl:%i%;‘zﬁ‘éﬁfﬂ%t%%f T 5, Flo, FFEORBMUL
H72 5 ) BER OGRS EZNTRT D7D R I 2 =7 1 BERIRFEEERICT 7 B AT
ETDHEIITL TG,
GeCIP iX, Genomics England 23 WF9Ext 5 & L TV A IEBICK L TOBEE T U A b %4
FLTWD (X 5-4), Genomics England PanelApp & FEiEiL D WEB 77V &7 —3 3
IZHIFE IS #E s Y A MiE, Radboud University Medical Center, Illumina
TruGenome Predisposition Screen, Emory Genetics Laboratory, UKGTN @ U~ — & T}k
DE, ENENDONARNVICEENL BB OBEMEEIE LD TH S, PanelApp
X, GeCIP, Genomic Medicine Centres (GMCs) X°, #8222 =7 4 IZXfTHF =
L—ya ¥ A FEMESITLHZENTE S,
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Panels

Panel ¥

A- or hypo-gammaglobulinaemia

Level 3. Primary immunedeficiency diserders
Level 2: Haematological disorders
Version 1.0

Agranulocytosis

Level 3: Primary immunodeficiency disorders
Level 2- Haematological disorders
Version 1.1

Amyotrophic lateral sclerosis/motor neuron disease

Level 3: Neurodegenerative disorders
Level 2 Neurology and neurodevelopmental disorders

Version 0.45

Level 3: Ocular malformations

Version 1.0

haemoglobinuria

Version 0.13

Level 2: Ophthalmological disorders

Anophthalmia/microphthamia

Level 3: Anaemias and red cell disorders
Level 2- Haematological and immunological disorders

Aplastic anaemia with or without paroxysmal nocturnal

Evaluated genes

20 of 20
100%

20f2
100%

6of 21
28%

53 of 53
100%

2 of 57
3%

Reviewers

9 reviewers

7 reviewers

4 reviewers

3 reviewers

1 reviewer

A) BETF/ 330170 D233 (2016/01/18 BIfE, LE 22— U CWVVRWE O S e )

20 genes
20 of 20 reviewed

List 4 Gene Reviews Mode of inheritance
m BLNK 4 reviews BIALLELIC, autosomal or
- 3 green pseudoautosomal
m BTK 6 reviews X-LINKED: hemizygous
— 5 mutation in males,
gresn monoallelic mutations in
females may cause
disease (may be less
severe, later onset than
males)
m cD19 3 reviews BIALLELIC, autosomal or
2 green pseudoautosomal
E=) ciLa4g 2 reviews MONOALLELIC,

- autosomal or
pseudoautosomal, NOT
imprinted

m DNMT3B 3 reviews BIALLELIC, autosomal or

- 2 green pseudoautosomal

m IGHM 3 reviews BIALLELIC, autosomal or
- 2 green pseudoautosomal

Source of Evidence

Radboud University Medical
Center, Nijmegen
Expert Review Green

lllumina TruGenome Clinical
Sequencing Services
UKGTN

Radboud University Medical
Center, Nijmegen

Expert Review Green

Literature
Expert Review Green

Literature
Expert Review Green

Literature
Expert Review Green

Literature
Expert Review Green

Phenotypes

Agammaglobulinemia 4, 613502,
agammaglobulinaemia with
absent B cells

Agammaglobulinemia, X-linked,
Agammaglobulinemia, X-linked 1,
300755Agammaglobulinemia and
isolated hormone deficiency,
307200

Immunodeficiency, common
variable, 3 613493,
hypogammaglobulinemia

CVID; hypogammaglobulinaemia;
lymphadenopathy; T cell
lymphopenia; enteropathy;
interstitual lung disease,
autoimmunity; Autoimmune
lymphoproliferative syndrome,
type V 616100

IMMUNODEFICIENCY-
CENTROMERIC INSTABILITY-
FACIAL ANOMALIES
SYNDROME 1242860

Agammaglobulinemia 1 601495

B) HrEREBOELG T RV

5-4 Genomics England D& 1/ r /L

(P : https://bioinfo.extge.co.uk/crowdsourcing/Panel App/Panel Browser)
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(2) Oxford University Hospital IZ& [+ 2BESmMED ) 7 )L—

Oxford Medical Genetics Laboratories /£, NHS Genomics Medicine Centre (GMC) 25/ € &
A TH Y . NHS England % i L T 100,000 Genomes Project (2 —E Dkt 2 #2425 25 2
LCW5, @HE O HFEZ#E L LT Oxford University Hospital |2 3kBed™ 2 B 3 ikl 4 $ k4
Do

® LN LICRREIN-ESBEOEMENS 2 HF— 2 (Multi-disciplinary team) 73,

WESINE 238 E LT\ 5, BHOIFASINE KON N Y 4 (BFESnE K OWEE) O
AHEHNENRA LD,
®  Oxford University Hospital 751X, 70 =7 k%@ LT (2017 4E % TIZ) 3,000 £
DORB RS D TETH D,
o Y THATRBHEZMRT DL, LFD XD RiENH 5,
v 2WriEsH (UKGTN AR A D KA &) OBENKIZTH D,
v BERXXRYUELTEEELD D,
®  Oxford University Hospital TUXHE L7-30EHE, Milton Keynes /A /30 7 |2k -
BE+T5, £ LT, lBo—EE% Wellcome Trust Genomics Campus (ZFTHET 5
Genomics England Oy — /7> v v 7 o 2 —|ZHikd 5,

Oxford University Hgsm;zl‘t:‘l: m
The Churchill Hospital

Main Entrance

5-5 Oxford University Hospital & A [
(HH AT « BARRFIC HRse

5-6 National Biosample Centre in Milton Keynes
(1P - http://www.ukbiocentre.com/about-us/)
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Q) KEIZHITHMHHE - ERE

LU FIZ, Oxford University @ HeLEX - Centre for Health, Law and Emerging Technologies (233
FHA U H B a—FERIZE ST, EEICRBIT D7 AEBEOBN, BEHRICED M
B ERL A 7 =L Farky FOBBRTECOWTORWELZEHS 2, LIFDH
BIZOWTHEH T 5,

1) WFSE R AL

2) AT REARTY NT U ROR— M —FfR

3) BRIz Hs T 2 Ml

4) XA FIvyrartr b

5) The Genetic Clinic of the Future (GCOF)

6) NHS DOkl

7) Duty of Care (JE3%#%5)

8) EHRMIMFTE~DESTRULTT

1) BFEEER

FEENZFS T DAFGEI KT L COBH O AT KE L 1T R > TR Y 2R ETDH—
JEHYZRIEBIAAAE L7, BFE 3P, TEERERE /1L (Mental Capacity Act) |, T —%
715 (Data Protection Act) |, T AAHKLERE (Human Tissue Act) | 72 &, Bfx 7o — ik Tl
Hilxtge L 72 %,

& “NOHDEHROFIC. BRI L > TEDONTRIELTA RT A VU IFET D,

FEECITESIRUEE PO FIEEZHE L TV,

o EEEFEES (General Medical Council) @ X 5 7ZpffikiL. FEKEE (Clinician) <°EE
ffi (Doctor), WNEME (Physician) (272572 D&M % T HHEREZ FFo720 ., FEW
WCEHETH S,

® FEEDRMNEZ L ITHRBEHIASELE L, £ DM YIRS IO\ TOTA RT A~
ZEDD, T ORRZEITEH L L 72HAD Honor system (1ZHEC1E 25D < BRE )
D, WE EOEEEZRHEL TWA5EE L0, 7272 L. 2450 Honor system (2%
HOBLHIBE )1 720,

® AT, NHSIZKL D77 DOEMICEE L CREH A N T AV BFET D,

® WIZE43EFIZB L TIE Human Research Authority* %3 A R 5 A o &b 2 24 -
TWA,

vV O KEFRPFEEES CICHRE IR TV DL MEBEZEE S (Research Ethics
Committee : REC) " R3ZDHA I A 2D,

v\ REC I, fY4HUIROWFFERERE N GRS N REELFEAT D,

v HEETIE, REC OZBREZR ETOMENEBEORT T4 7 Thb, 7/ A

140 http://www.hra.nhs.uk/
141

http://www.hra.nhs.uk/about-the-hra/our-committees/research-ethics-committees-recs/
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RO RIZEY | BEOAHIZZ 2D LTRSS,
® EETIL, 77V v UKD Public Health Genomics Organization 72 &£, Bl IE &
HERES 2 EE OB NFET Do
® Genomics England |&, JFEMIIC T/ AERIZE T HHHIEITO X 5 2&fl e iz LT
Wb,
vV oBEREORBURRER AR TV RN &b H 0 BURE R CIL R SFR 72 T
Ta—F Lo TN5D,

2) AV RERTY RS RDN— B

FEETIE, Aay b R, vx— X LT A LT v RTIEERT—EARRIER &

725 T %, BB AIZFV T 100,000 Genomes Project D xS ilskiz A > 77 > ROZRTH %,

@ Xay R NFUREALUTTURNII ATy FT7 2 RIZBWTA 77 R ERBROM
REATO DIz LTV DHD, EREEMTIEE > TRV, FERAIZ, 100,000
Genomes ProjectiZA{ > 7' Z > RICHELEBEW -7y =7 hE/oTnb, L,
HRHIBIE O #ER-CEREOZEICBWL TS T LA V7 T2 RHRELEIFRS 720,

@ Xay hIVURNIEI AT TV RBREDEINTT ) 2 EWI D EMRLTHDL, LD
WUNCHE 2 KT 2 Z LN TEDHEEZLND,

& Xzavy N7V NI ERMREEHREOMEIZBNTA 7T FREY HSI LT
%o £lo, Aay M7 2 RiE, ERRGCEIG RO TE~DOR M 5E 2+ oI5k L Twn
D

3) BRIMIZE 1T BRI

EU TliE. HT0 EU 57— % {#i#+54 (Data Protection Directive) % 7 — % {1 8] (Data
Protection Regulatlon) ~NHIET 5 Z RS ENTWS, 2015 4E 12 Al2id, K CTAEIC
EOTU\E)MZO

o FEHIIFEOENEICEEHZONTHNELTELTHOTHY, EUMEEIC

DIEFFEEHZTD, —H, HANTES X0 200035 < & EOEWNE X D{Ef‘ﬁfh#
B, 727U, AEFE RIS TEY . EXTHEITSNAITIZ 2FE End &7
HEND, LT, BUERMERDOT — 2 ERS N 12> T\ b

v ﬁLPﬁWi%l®%ﬁ%ﬁﬁéﬁﬂwﬂ’Wfﬂbmﬁwﬁﬁ%ﬁﬁﬁ%@fﬁ

Do LML S, BRAINERZDOE FE LW 5 RGUIRKIN > 2T AN TH & 70 FHIE R

DERENTNDZ LETTHDOTHY HHBAENER D EUEL D FTREMEN

H5,

v OFHERINT 2015 R E TICBIR e 2 b E b b & FRIS TV, Z D72 HeLEX

IEHRA OB AN IEF IR &2 Tz, FRANT, FRCE AT — 2 RN EEh

DRFEDOHIZEIZE LT eSS INE ORIEZ ZRT 2 RN E o 727D Th 5,

142 http://europa.eu/rapid/press-release IP-15-6321 en.htm
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LU, e 7e B B O ML Z I NE & 72> T 0 | EA N HIRHE D I
IRZHTE DLV ET IR o7, LIznd> T, HeLEX 1% UK (2381 58Ik
DIERRICKIERE L TN EBZZ TS, £LT, 7u— K=& b (Broad
consent) “BPOIESMEITS S FEE AR INL L THLTVD
FORAICIE, BEEHRIT MEAER) & U CHRBICHEBIRNSRE ST, ZhE
TO HER) TiE, BEERZEAFRATERIER THL EHET LD E D )T
R C o o 7=, BAITIHEAD BRI ATRE/Re T — X 2l LEL 2 & LTEBY, b L
RN+ EAL S AUSHRRIOX R4 L 72 0 155,
FEHIO T TIE, b FEEEIEHD 5 B AT FTREA Ry 27 — & D2 b 4rHfE L T
THMREIRET D7D FE A U C A TRER B MEICHIRZ 2T 2 Z LB S
TN D, ZO XD B NIERIRFER R A 272 L COGUR, EHE AERICRIET 5
ZEBRROOEND, Lo T, 4% b RENZBIT DWFEHSI O A TIX, TR
BTN EDEEZ TN D,
AR D X 512 BRI O FER TEAZRET 57 — X R#EGIEICZRA S D & TSN
%08 A ERE S CRRE RN 2 PR B 72 O ORI 2 MR T D O IER ICREECH D =
EnD, BINT — 2 Y J5 (European Data Protection Authority) 23t —A972 FE7E%
RETDHIENET LU,
HANIMRAEICBWTHEEON 2 o7, ENEEZLIEE LR,
A IIAEMEEO A E R TR S 2o e B K E B EFICONT
BB RE L CENEICEHA LTS ZEbH 0, EUNTERNDH T,
M X0 FEICBT DEEBOBBRNR E 272200, ZILH RN, FRZER
BLEOMFFEIZH L CED X D 7250 8% 7= L DI ARMEN T, EUIZE > TREOD
I CTH DI, 5% D MLy REEEELS ASFHOMEND D,
—J7. BRMIZIB W T, AR OWFSEICEE U TIRE C X DIEMR B FERE T,
EU &KIZBIT 2888 HIFE L7232V, #[E 0 Human Tissue Act (X, ¢ Section 45
oD XDz, MIEOREI DAL D IHRICITEH A2V DOTDNA &, #
ﬁ@ﬁ%%&ﬁéo
FFEfmEEZ B 227> 5 Human Tissue Act DR & H D X 5 I A X ANH TV 5
Z #uiE, Human Tissue Act 723, Lk OERBUZ DUV CIEEAMICHE L TWbH—5 T,
FREDOBRIZHONWTITHEV XL TWRNHTH S,

4) A4 F3IvyHyarvtr bk

HeLEX Tli&, FEREOFIEL LTHAF v a 2 b (Dynamic consent) &
FLTWD,

143 Broad consent & (. AT —Z OWFEMMICHIZ 0, BEDOT —% - BIRICRET T, fFRIChE IR
VWREHE T OBFIERI RIS BET & R E 2 IS4 2 1k,
44 Dynamic consent & (%, BEY TH ) HAOEFHRZREE LIFRICBINT 54 T4 v _— 2D FETFE
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& Y AFIvrartry MIELTI APEEWEREL, 774 3 —ICBT 5
%ﬁ%zykm~wbﬁﬁ%ﬁw:ﬁm¢éﬁmmowfﬁﬁbfwé

® HelLEX |&, NA AN ZIZBTLREIFFIZONVTEEFER LTWD, BIYTONA A
N7 ~OREHR AL, FUBHR AL 2 FEEIE A B IR T 5 2 & e <L BB AR
AFRT ﬁﬁbfmé%ﬁf%éo_m%é AL IR, AR D [RE DR
TEMELENATN U ZIEVEL CLE - TWNAZ IR b . 77— FKarytktr b
DOEENRRIDI S Z L1272 5, HeLEX X, 7/ AFFRICBIT 24 A4 F v ay
o MO A FREMEERET L TV D, UL, REOE(SLT 7B A TE HE#H, &
BRI L - T, BIFE - BEORIEIZHT 58 2 HF B ERANCET D TRtk & 5
72O Th A,

5) The Genetic Clinic of the Future (GCOF)

The Genetic Clinic of the Future (GCOF) 1%, EU |2 & % Horizon 2020 7' 11 25 L7025 D
B2 7=7n =7 b THY ATHIEE CE DN AR R 2 A LS+ 5 2 L
ERZ24TELDTH D,

® GCOFZ30 nAMEVWYEHOTnY =7 v T, 7uy=7 MRBENTHHEE

(215 A AR LT B,

v GCOF OfffiklZ. x> U7 2K T12D/X—rF— (=7 b A ) »n
LD bDTHD, BRE, BKELRTH, HeLEX 23 7Bl &k ONER 72 5
%, FEOBOR I N—TBE T NV—T BB LT\ 5D,

vV vzl hOa—FT 4 3x—H—Z. AT F D2kt MIFTET LT — LN
BLTWD, 2O bbb hOa—F 43—y g — HFRLEAICEALT
FEFICHEBEREE ZR-LTWD, £/-, 7u¥ =7 FF—LAMT, EBICE-T
FELA OB BEZ,

v GCOFIZARIZESTHIWET IV ERLFREMERH L, 20X %y hU—2
WCEoT, 2 V= —F U ZAEE AT HERITECELMEICONT, xR E
REER LR OHRETT 52 & TE 5D,

v GCOF /%, EU " & &t +24< o7Fuy =7 M ERERC., BHfEICED ST 6
DDOT—<EROP I V=T RNy r—T%BRELTND,

o V—UNRyr—V 1L, Tuval hOa—F 4 x—a rET,

o U—U Ry lr—U 20, BRI - RSN D T — X 2 - BB
T — &A—X%%&®ioﬁ #HEIT O,

o U—U Ry lr— 3L FWEORGCHA N T AOMREICBE D 2 EEE2HY
T 5,

o U—U Ry r—U A%, BENOERMHEZENE LT, B8 oBE
T N—TNk LT #ORMAEEAT 9 KT, A A3 7 BEOFAR I E A

145 http://www.eurordis.org/news/genetics-clinic-future. http://dnadigest.org/category/gcof/ .
http://bbmri-eric.eu/news-archive/-/asset_publisher/VV6WIFCY Ig815M/content/genetics-clinic-of-the-future-survey
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ZEVTUVD,
o U— Ny —U 5, BEMBNER LB, KT —I Ny —Uhb
SN AMERIZOWT L DT +— I AT N—TZF TR HHET
Do
o U— Ry lr— 6 1%, BURIZOWTHR L, BHRZICK LTl & 2T 544
FERH LI E 0 EERT D, V=2 v r—v 6 (BOR) 121, EE
R3E (Dr. Geert Frederix®®) &1L T3,
Dr. Geert Frederix 1%, BIa 2z 7-BF L, B2l 38 2E% =
FT BB OWER T v R8T DMHEE T FOBENHIEL T D, HeLEX
TiX. Dr. Sarah Wordsworth 23E{ELOAFFE 21T > T 5,
BB R, MR E, W, 7L E T —ar . MOERKRREDOERE
WL TFPETHD, SHIT, BRITKROERIRR R v b U — 271281 5 ) 728 i
HHREFIZ AL TV D,
FHEHHIZIZ S GCOF MMFERET D72 E 9 MNTEBIRET2H3, GCOF THREFL S L7z
X MU= 2 SE5 Z LIt &S T g
BEIR & W2 X B Sz m& AT ii%”éf)) W~ LT Z LIl L0
FEBINE B & ORI 2560, W2 B B ORASRE 258 LUWOBFZERCRIC
BNLGE LD, T A TIRER &R OBRABERIL L T 581220 T,
RSB ET D5 ENIEFICEE L5 TETND,
GCOF IE, RKDOBII CHEME N D & TR INDHNZ2 W < 2h ik BRI ER 7
6ﬁ¥£%$ﬁé’ﬁ?bfb\éo P m AOBEERERICIBWNT, 7 AESIEFIF L
THAICEBICED L Y ITHEET 20 2T 2 2 L2 HE LTWD,

6) NHS DO E#A

H[E

B2 EE OERSFBHE (National Health Service : NHS) IR\ TH ., EREICEH

T BT MMEBROIER FEE R LGSO TV 5D,

S [E T NICE ([ [E S E SR AR EAIREAS) S ER TSk L COEBEIT> T
W5, F7o. NICE IXEFEHIFOE AR ZFM L T\ 5,

H[ETIL, NHS 0 ﬂﬁk%mt@\@%&@Aﬁiigﬁfv4%~fiﬁm
L7723 o T, BIEFENOREMEIC W Tl T 2 54 KE Tl a TR O 53R
Kiofm@%%@MA%ﬁééﬂékwé%ﬁﬂ%otﬁx%lfiiﬁ%ﬁ@ﬁ
N E 72D,

RIBRZERIT, BeFmaE Y A7 MO —5HE LTHERA LW - BER LW LICEE
LT\ %, Association of British Insurers D32 R & TV 5

Bk, EBRIQTEE Y R MMoxt Lf@ﬁm@@éﬁiﬂﬁbhfb\é 7 WRMTIE
HVEBONAEZFRWNT, —RICHE A & 1372 > TW7ewy, Genomics England

146 http://www.uu.nl/staff/GWJFrederix/0
147 https://www.nice.org.uk/

148

https://www.abi.org.uk/Insurance-and-savings/Topics-and-issues/Genetics
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<> Cancer Research UK (Bi7£]Z Stratified Medicine) 1%, B/ MM % B R B
ICEBAT LT 2EEDTND,

0 HIRTHEZ. HOWLBMNEROREDA T v abitoTEY | RIZIZ=yF 72
T THDHEZZOND, &7 7 MEHT (WGS) o= 7 v —AfiffT (WES) 1T X
W - WL, ERICE R S0 AEEE L H D, WGS ° WES #HitET 57 oy
=7 NORREBFEZ D,

7) Duty of Care CEEE)

HeLEX X, 7/ AfEHTIZ ST L T Duty of Care ((EREF5%5) IZ DWW T HIFEETT > T D,

® EMEFTIIARSKEL LILBEL TCWDIHHIE LT AT T REDY =— /L X[
BOWTHRELTE-aEr0— |8 £ 5 Duty of Care'®23 5 %, B3 b &%
B LT ERITAER, it/e E2FEhT 288, ITAORY M4 BLUET 5L HGE
THY., BEEORENRCBEDEMECETLIHLDOTH D,

® HeLEX % Duty of Care M A% & L CHIFEL TW BB D —I2, BEKEBEICE
JHRT ) MMENTE T IT T 7 Y — MMRENTIZRET DIERIXR AT H AL D B et
WMOBAR ., HEMHFOITENZI T HIR Y ZeWVATRENE, Bk~ 7 EB~ORHGSE & gk 35
VER % %, Duty of Care IZBH T AT, REFLAOHEETHY . BEDRY T
Z e Tl LR UGB AICIRAER T LI TH LD, TG E R D ED
R, LI T, IR BEITHLT-DIC, EOXIRGHEITED X S 72k
HIHIET S F SN2 DMNIZOWTHERNZTHITE D Z ENEE LU,

O [HIREIZEBL A RTA TR >TND I EEWRETIMNERH D ZOHFIZ O
TEANRFTT 2 LBEERE O, 24 e SEN BT OHIWHIC L - THEE 2 £ T1ddk
WIZEETH D,

®  St. Georges Healthcare NHS Trust™° 0> 7 — 2 H 1B ITET 5, Z D7 —RIZBNT, 1E
%EIT Huntington JEIZEET 2 MEZ 2T 2BV TL, AANDORE: LISEE T
A A PR3 2 13700 & BRI HIEr U 7o, BB IR O RS IIIEFICHE Th
0. FERICIREMIC LOENEED Z EIXTET, 207X —RFZITEY Lian e
Sz, HeLEX 1E, ZHuddd L bER B cidie, SR 7 ) AERICEET
B EAMTO FE AR E L CORBICENT BRI R FEICEE L TW RV EB 2T
el

8) ERMEME~DEERMT

Wellcome Trust Foundation, MRC ([E*RF5E433) . Catapult™" 4573 ELSI #F98~D 127224 4

149 http://www.wellcome.ac.uk/stellent/groups/corporatesite/ @msh_peda/documents/web document/wtx058032.pdf

150

http://swarb.co.uk/st-georges-healthcare-national-health-service-trust-v-s-regina-v-collins-and-others-ex-parte-s-ca-8-

may-1998/
151 https://www.catapult.org.uk/
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’itr L moTn %,

JE[E BRI, Economic Social Science and Research Council (Rt fseREsy) %
W UC ELSI (fwERAY, MBI, BB BEICHT 2087 Y= 7 k) 1Zx L 10 4EH
DEEIRME 4 DOV Z —ITh L TITo Tz, B MEEREFE T r Y =7 Mo
VB BT HERICIE. ELSH ST 2 FREZB A —t 2 P THIRO I 2 Z ENEET
&%, KETIE Human Genome Project (2 & T B A7 AEIR T 0D 5%FEFE7Y ELSI BE
THO®, ZOX ) FKIIRERETH 5,

KETIE, BRFED 7' e 77 AT ELSI 2584 41, ELSIICEE I A A mrse 2 B ik
FTOBRICIE, 707 T AMIRFE EITRREZ B SRS AZ T o s, B
ROERENIEFR T 2 8B EFICEE L oo TN D, o, KEBERRZN T e 7T A
EIMT HHEAEIIE, T ORI ELSI BI#E O 2 G0 BN H 5,

(4) EMBL-EBI

Cambridge @ Hinxton (Z& % European Bioinformatics Institute (EBI) (. RKJN 5> -2E9=#0F
Z2F (European Molecular Biology Laboratory : EMBL) > —# 2R3 % FEE F| 0 [E BRI 22
W TH S, LUFIZ, 1) EMBL-EBI OB, 2) 7—X 2 =7 U7 ARY — 3) HIHIZ
BIDNAFA L TH~T 4 7 AL 07 T &M~ HIE8 Th5H ELIXIR O, 4)
T—=2 =7 Y 7B 5 ERER R B TH 5 GA4GH (IZHOW Tk~ %,

1) EMBL-EBI O#}E
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EMBL-EBI [%. CERN (BRINJRFEZFZekRE - EU. A A A, A AT )URNINERT2) LA
FEDEBESHN LSk TH 5, CERN OB EIZIL, EHE- 7T A« RAY « ZA( A
TbEED, A AT NVEOEA LG ENLTVD,

t 7 AEHIPEE O IE, 2003 4121359 2,600 T RVE o7, ZiuE, YEEO R
YR TRbEBBRETERBETH 7o, £, 2013 FITK 5 TR &R,
BIETIHT R REUTFICRoT2, TRV FEEF, HEOY v h—F— 2T —kF LD
VR TF v NERIBATH D, TOBIL, BUE, TA TV A U RSB T, HE
FLOVEMBEE CWHDIRETHD I EE2RLTWD, FHIffICB LT, 20k 5 728
f7pa A hOEIE, B ENOTRWIEETH D,

FRO LD B IEO AR D RENT ) LFZE L BEEE I RE T DO
I, e NOREIZET 2T Nn D06 ThD, S HIT, ETOEEIYIX
DNA ZF2>D T, b FOBFIFED BT LCHEINT, o8, FrZESE
R any—HR IR TELAEERS L. T DMFROT A 7P A = R
IO RNRITZ K TH 5,

2000 FLARNE, T4 7V A = A5 FOMEIL, ERE L TR ORI RZ BT

https://www.genome.gov/10001727/erpeg-final-report/#appendA
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% WD FIENREFERTH -T2, Zind, Human Genome Project 725 & b KZ 7 ML
FIMFEF E 47z 2000 4FLIN, T — X Mt &2 AT D HIC K& < Hsfft L7z, BIET
I IEEAED (T4 7V A = ABE) WHFEHEEIDS, FED =7 +— FOK¥0%
A2 —HIZLDT —HENTICESLS L JRY O a2 FBRIZESC L TV AR TH
o —H A AA T AT 4 7 AZEH LIk Z—TH % EMBL-EBI Tii,
T4 — b DETE AL Ea—HXIZX DT —XITICESC L T D, EERO FIZEH A
ZiE MR O AET D205, 7 — 2T IC 00, BRI LW O BB REETH
Do BEMMNOLHD & 2 < ORI, DRNT—FFEE LT — 2 fiftricy v —
AZED B THNRDSTARENSLHFE L T, BIEOREIZE STV,
EMBL-EBI (%, W= TRV b5 T — % OFIERIZEBIT 2BINDONT L s> TH
D, 600 L4DAL y TNRALN—L L TEEIL TS, A N\—DOHEEIL 53 7 [H
W5

EMBL-EBI |Z, 60 XX XA hDOFT—H A KL —T L 2 HHO CPU a7 #i#EA L, #
20 ¥y hoBEHELZFfo7o Xy N —27 ZHx T\ 5,

EMBL-EBI 2B D2 L2EHEDH L, T —HX—R « fif it —/L - Embassy Cloud (=
—F—NHEHOLDT—Z Y MIEHET VB ATELHY—ER) LWV o =Kl —E %
DIMLEHN 455D 3 %2505, DF VD, EMBL-EBl OFE THDH 6004 D5 5, 4
DDOIM, INHOTL =T VTR T — X ORI —ERIIREEL TN D,
EMBL-EBIIZ. B 7T —X &) SENR LT HLRIMNDO E » 77— IZHD #
TN, F—B 2T V7R —oN T, ERICT — % 28> T X 755
Z LU CHLY #LAC & 72, EMBL-EBI (EHt 67— 2 240 T YD . NCBI X
DDBJ (DNA Data Bank of Japan) & &5 —# #4:F LT\ 5,

HAIZ3\Tid, DDBJ, PDBj. KEGG % & \\» 1=K ffi 7 — Z — b 2 &3k, Mo
TAHZ LT, ARIZESTHETH D,

EMBL-EBI IZHFZE H1T> TV D, BHTDAX v 75D 4550 11X, NS TN 5
T =2y MIxUTHIT 217> T\ b, £72% < OWFEI, AFEE BBk D & 2% 5y
FA2AMICER L, BB ORTHE VIR LTHY , Ziid, S EICE
WTEIENFICHE TWD2DICEETH D,

2) TR ITYUITRY L—

EMBL-EBI (%, H « Kk « BRIZ X DIKHI T, 7/ LIZB#ET 57— 2 O4HI12H D fA T

E)o
[

1970 AR, Z v RV EREE O E FAAOIZ, X ofdi s & bicT — 2 23t
T5HENIHRE ORI | WP EE A X T,

1980 FFRIZA D & DNA BN HAFOXG L 720 . HAD DDBJ b KWIZERL L 7=, WL
EVRMX BT EbIcT—22HTH L0 BT, BIETH, EEHRIN
TW5, BRMDZ L OFFEBSFERIIX. (77 2 FHFEER LD IRENRELOT
—HIRVAU RN T U ERWTDHEICRKD TN, T—F R TA N T TN
X, AFZERE THE (777 > NIRRT TEE) ISR 57 — X OB A& L L T hude o
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RN, BB OEBKIC L > TR LD AR EZHEH LT — 213, & 7% O
FTEZ 5 LT LE 2 H 5, Biotechnology and Biological Sciences Research
Council (BBSRC) 3, Medical Research Council (MRC) '**<>Wellcome Trust 73 & @
BRI, ZD X I R T —H~ R VA N T TS T —H =T VT
EHEEL TV D,
t FHRDT = I v T ARAE T E Vo EMOTF—Z LR LY ICigT 5D
FIZIEW 7220y, 1990 FERZIRV IS & il % OWFEH IR LT, 7 — & OFIH#FF
Al 23RO DI BTz o TE, G472 D BRI AAE U Tnve, RIS — 2 2R 1735
THEDNIUL, TITHEEET 2EFE B0 . AT ox5iE, £HFEH
ThHoT-,
:@iﬁﬁ%ﬁ%%%ﬁétﬁxZWSELmjéﬂtMMMWeﬁmcmemmm
Consortium 1%, EEMIED 72O KB Z2 & MBI RO A2 BhAE & 725,
—ZI7 7B AFRRRBIZ LR TE R ORW. T —F 22 TDO AL /\F'ﬂ'%?“é_
LIXTERVD, T—FAEBITOMNREIHEM L2 TH, 20T =7 7 EAT
DXL bl Lo EFTHH LT 5™, EMBL-EBI AT 5
European Genome-phenome Archive (EGA) 83 DZF L& /e ~7-, DL 5 RT 2
ﬁX%@®ﬂ%kﬁé®@ t MZBT 5T =2 DA TH D,
EMBL-EBI %, 77— % &I DM D520, 7 — 2 OREHEZRET D LI T
T, OF D . EMBL-EBI TlE, 7—# 7 7B AREB SN F LIZREIZIESWCE
BEATOTVDLDRT, #ENRT —FZHETE N TERVDNERD DL Z LITLAR
|
EMBL-EBI [Z, 7—% 7 7 B AIZ2OWT, KELITDL B STEE Lo T D,
HMj:%I®dmw Y505, KENIZ—o DL (One legal system) D73
W REL DN REEARETRE Th 5720, doGaP Tik, N 0T — 4T 7 v A KR
/ﬁ\ﬁi‘ﬂﬁli'JIJ@ﬁﬁﬁ!ié’MﬂllﬁKﬁEf% LN OT =27 78 AFFANCOW Tt 5, — 77,
R % %1295 EMBL-EBI CTRIBED Z & 2D HAITIE, lziE, 74T
NANRT7 4> REBETEWLFREEREVRHEINAORMNAEL D, ZO%LE, —
o@T—&77?X§E%ﬁ£ﬁéiﬁfﬂiéﬂt %E(@mmemmm)
ERRRL. T — 2 HZ P L TV DN REDOREIZIH T2 b D0 E 9 gl
THIEITMRD, ZDXITRINE, G TR, _@mf) EMBL-EBI /%, K[E
CNZER Y N OT— 52T 7B AZB OIS EE FEERA LTS
EMBL-EBI [Z[RIE W EDOEEEBLOLZHY L TN ONBRTH 5,

B UK THRROAH T 7 o F 4 I8 V2 BN TWH AL A A = AWFeREE,
(https://www.google.com/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=bbsrc)

PR T 7T 4 7S R0 BRI D DR A BRI E AT 0 T D UK R— R DHFTER
o (https://mwww.hgu.mrc.ac.uk/)

135 https://www.ebi.ac.uk/ega/sites/ebi.ac.uk.ega/files/documents/wtccc_data_access_agreement_v18.pdf

1% EBJ ﬁﬁﬁ%ﬁﬂ“?’ r%%w~ ERAT, $ixleT —F T an g =05, BETEEFRICT 7 BATED,
VA s — AT 7 v ZAFEEOKRDINLEE,  (https://www.ebi.ac.uk/egazhome)
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3) ELIXIR D&
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B RETHOEMMATH D, T—F =T Vo TREBEKT D7 ) LT — 2 ~DOxbE ik
AT 4 ECEERFEH TH 720, AHEOxG & Lz, ELIXIR RO =IZLL T D
WY THD,
® European Life-sciences Infrastructure for Biological Information (ELIXIR) (%X, EMBL-EBI
AT OMNAFETH D,

® ELIXIRIEZ, BRMICB T DI NAFA L T AT 4 T ADA T TFT~OFEE L FRINA
DENENDOENCBIT HEE % — Kb T 5 7212 2013 FFIZAIRX 4172 ELIXIR 1%,
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L7208, IR 10 FRiA O o7, AIRRIZIE. KBIL T4 20ERN & 5,

v AEMENERIE T — X OEREITFE AN T D, T, RIS, K725 ES
DRBUEL IR T — 2 (B 7T —4%) ZAEKL, MEEF I 2= 4 PFIHTED &
BB L TWDED, DA 7 T PRERITI > T D, BFITE A Fhi L 72 FL23
WEBFEDT ) AR S ) Lkl b il LA, 1ICGC™ %> Pan-Cancer
Initiative™® %4507 — 2t v MR LICT 7B AT EREZLND, TNHDTF—
B R=AF, L ONREN AT T —HA TICT =L 28k L TR, T—IA7
TRk 2 2R3 EA V7 T AEUYE STV D, ZOFEBIT, BINZIS T D2 B L
T A ZAED BN ) & T o T,

o TS EMEINT SO, T AT A= URBE LY KB T — 2 0
BHRENEYERT D Z ENBEIT /o7, T, T—ZIIRINO 70 537 fitSih
DWANAIRGFTCAER - RE SN TNWD D, T —F ) —REdET 5 AT A
DEZ IR o Tey BRMIZIBWT, ZDO RO RV AT AEFRBTE LD+ T 4
A RESRKBERMRGET — X ~DT 7 & AN A[RE/ 2 iz 1%, EMBL-EBI LIAME &
A ETAE LTV R Do 722 & 78 EMBL-EBI 45 FIZ ELIXIR ZAlg% L7 2K T 5,

vV EAEENEENDS LR NEET X ~DT J R EH N RAIZH EET
LR GH D BINTIE, & NEET — 2 ~D7 7 & AT D IERHI N4 E TR
D, T2 X EBEO R EN LT L 72 D, EMBL-EBI X, % E O
ENBLELTHIETCDY 77 VAT —HIZT 78 ATEDL LI R FikE,
ELIXIR IZZIML TW A E % &R THRETT T 5.

v OBUE, Z< OWFEBAEBIL. ZRRENTH A 5 & EEER RSB Th A
I ELRT — X OIFERENT VD (I OT — X HEJEMHT HHF%E
BhARSBEIZ 1%, Wellcome Trust & & £ TV 5), T—F FZF/HEMT N TH,
ENODT—F 2T DDICFRIBERERT-T A 7 TR ENSTZZ L b,

B EBEA AL ) s — 7 A (The International Cancer Genome Consortium, ICGC)
(https://icgc.org/)
158 NIH KESZASABFZERT (NCD) MUSKESZE R4 ABFZEFT  (NHGRI) 732U % Cancer Genome Atlas
(TCGA) m—EBr & LT 2012 4 10 H T E > 7o, ZERZR D AMBLDRE 2731 L~ L Tt 2 A Th
D
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ELIXIR ZAIfk 325 Z LIl o - BAD—>ThH D, -7 —H &2 LAY MV ITT
ERTFANDIET T, T2 ARG ERTLIZE WS DI TR, A A A v
TA=T 47 ADRMNOIE, MREFE I 2 =7 4 ~OfifEE mD 572Dz, 7—
BHV T 7 LU AT —AX—A M UIEREZHIT 2 2 L E TN T5Z ENE
ECThD,
® ELIXIR ® EMIix, OEBINZRENETT — X IHEIT O 2D OEMH — & A &4
T 252 L . @QF — 4 HHICHETIEEEET HT-00&F RO (T L—LT—7)
ZIRMTH L FLTHROEERANDO—>L L TORKINEIRICFEET 5T —F Y
V=R (FT—H AT DHIER - R E) LT s tickoT, T4t
AEEINCO MR T AT D L 25T 2N TEL AN A
TAvT 47 AEEOT =2k L CUEREEZ A THEE R T 7 EATEH L9512
THIET TR, XUy ERBEB RS, —HEELA (SNPs) OFRIEE WS B
TT— I R_XR=2ERMCOEVRHATEDL LT RETHD, 2F 0, AR
DHFREIA > 7 T OEEN e BT HMAENED Z EBNE R DT TH S,
® ELIXIR 23xf5 & T 5 i3 AMmES (Biomedicing) (ZFR 5 F°, MBHEAYF0, T4
EH SN TWAEREY ARSI MAEMEDRT 2T I A X T ) I 7 A,
Wi 8L Vo T2 KD ICIEETH D, DNA ZHiHOZ Lid, £ ToAEYIciEL T
WBTD, T EMFEEEDO T — 2 R ADREER DT, EWMEF BT
LV JRE72 B RGN T HEND D,
® ELIXIR OHE & BHEAFE S Hav, FEE, BINES (EU) 1LY ELIXIR IZRINIZE
WTRAICERTRE 350BENA 7705 bO—2TRIENES, 2o (B
A7 7) FBIX, K7 ey ho—HTHY, ELIXIR (XA 3 —[EHOFH
J— RERET 2EHEH > TV D,
® ELIXIRIE, EMBL-EBl iIZBW (7Y =s hDa—F 4 32— hEBEIT->TWD,
ELIXIR 2327 5 it A O AT B E OIFH / — RE R ERIZT D720, A
AAPRET DA 07 T ORBEEIRT D AR E FEOA 7 TP T oy
=7 MEER LTV,
® ELIXIR TiE, MW T — & X—ZAHOFHE rIREMEIC DWW T, BURNLEZE B Sl
BB B L EHIFICE LAV EFIT TV 2RI EEZ TV A E A OF —
AR=ATIF R ZHEDOT —FX=2ADEETHY [T —FXN—A T LIZEETED
IKMENRE > TWND, ZD7-H, EMBL-EBI & Swiss Institute of Bioinformatics (SIB)
X, P72 T — H _R—= 2 OB ERMIIM OB IR L 78, T—F AT TD
TATHA T N~FX YAy MR EEL TS, ZOMFRIZIE. A 237 Nl
(Impact indicators) <C#&%h 5% (Return on investment) ZHIET5Z & b EEN T
Do

1% European Strategy Forum for Research Infrastructures (ESFRI, EU #FZERERXERIE 7 +—F L) MHEE L1z
ESFRI m— F~ v 7O H T, ELIXIR &, BN 3 0db 5 HAMIEIED —DICRES LT D,
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4) Global Alliance for Genomics and Health (GA4GH)

Global Alliance for Genomics and Health (GA4GH) O ZEIILL F D@ Y Th 5,

® GA4GH [T 2013 FFITiEEh 2 hr0 7, HIRIEZ, BRI R/ NEENC LY, 77— 2 F
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TIHGRIZIEE 72\, Eb 2%, AR L THDL T ENHEETHY . GAIGH
DORARHIZREEE 72> TND, 7 AT — X 2 BHEHT272010F, 7—F &3t
HTHZENMETH D, HIE ERCIRE L K0 RICREET 5 2 & Th 5,

v BUROBEIZ. Z2< OBEBREZHET L7010, BE T OV U T ANRHBE LN
ZEThD, TUTANED BRTIR, ENDOIRIE NS — 2 NIRRT 2
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KRS 2 T 2 2 EREETH D, ZOBHITIE, < OT — X2 BN &I
i S 7e & ZAIRFES I TE D AR ST ianZ L Thn x| & sk CH
A EN T DT HIEDSEBIIAEREL S TRWD 2 &0 D KB T I L
T BEEFF> TWD EIFIRL RN ENZENRD,

v EBERRT =227 ) 7O L S ORI SEOBREENES Lo &
DT HIND, BEFEFEGLEIL, ia REICI VT, EFREECOME] 2 & I A
ORWVERDBHNWLINLTWDIELAERHY . T—XOHEEEZREHELL LTS,
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W ZE L, XA NT T 7T 4 A% L, MAERAEEZEBL, 7—% v =T
Vo7 OERERmDDHIETHD, o, HILWT Tu—FOBRBIZEBL, D
BT H o L BN O MHRPICHET 27 E, GA4GH 1THT L < BT
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®  GAAGH [T\ 2 OFFNZFi > TV D23, REEBNIIC(] & OFERE 2 e7= 31T Tik
720N, GAAGH 1, 7 — % OFEMSRAT, BE T 7 7 — 2T 72 E13 T 5 TR0,

® GAAGH L, BEHDT =41 =7 Vo 7 WHHAGZBITTBY ., MM E WL
WAE T35 & L bic lx OFRAENE T — 2> =T Vo 7V HEERAZ L&
FREICT D2 LA B LTS, GAAGH D A 3 —(d, BIEelB e O 7 75 2
STWVDEMNE LIV, GAAGH HiRIT = —F 4 32— —OEEFIZH L T\ 5,

® JIfE GA4GH 1ZiE, 40 ZELLE, B X% 400 HEROGES A > R—L LTEIMLT
WD A N—=DIFE A EIERFOMSE - B 72 & OFIEIR Th 5 & i,
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180 https://genomicsandhealth.org/
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FOMEHREERENETENTVD, KbELRBMEFEIL Google Genomics &
Amazon T& %, Google Genomics DEIN.F T % David Glazer 25, GA4GH & OHEE
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VBN & DRI CHU 2N T o A MDD MEN DD, 2OV —F 7 7 —71%, Mk
ARE T, MR E L AR FREORELHIEL TWD, RZA—71% A
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[GAAGH DL CHIE STV B Rk T =4 v =7 U > /T a Y= ]
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T A R=ANBADITHTRHATH D, HOEBIZBWTUL, FFEDONY T > b &
B NN —2DEIC—ALMMHELRWEAE L H D, TOHA . BEHERORE
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R—AfGRETEDLEICT DL ENEEL 2D,
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DT —2Ey NedhT —20 A MIERESN TS, FE—a 0%, 10 F~15J7
NG DOT —Z T - - A Z%Z T R>Tn5, B - m&EoRRix, 7742
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DD KRBT —HR—=A % KR L D25 X OICHRET 2 Z L3S FHED
TIAN—REIZORD D,

BRCA Challenge %, & EFMFIUHEREINEED T BRCAICRHT 57 — ¥ 2 TX A2 K
BIZNRT Y w7 RAALV BIZNET D E WV HIEEITH Y . BRCA DIFFE % FEMEAL T
HHDTHD, ZAUTED ., WERITENTNEE L o727 — 2 OFENT IS AIRE & 72 o T2,
KED NCBI 2 L5 Clinvar 47 %@ LOVD*®, 75 v 2m» UMD* %, BRCAL
& BRCA2 IZBH9 5 \Y 7 M aEET D KB T — 2 X—Z2Th 5, Clinvar i,
LOVD S UMD &t LB L CTHRI2 MDD T o a2 T —H_R—A B L TWDH0, =
nooT— §7f\~7\F"ﬁT/\)7’/Hﬁ%&%im/\bﬁ‘é}: HEL WA T b
DOIRNZ LIZELS, 202D bEZ D L0, HENRT — 2 _X—2 2 3F7
5HZ LT, otm“b\7~§7}:‘ﬁlﬁ75>%%ﬂé

52 773 VRA

TIURIEBIT LT AEBEORKLE LT, INCa (Institut National Du Cancer) (Z-2UNTC
ME L, KREONFITZLLTOHEY ThH D,

(1) INCa O3

(2) INCa IZ L &5 FIRAE DN

(3) INCa |2 L 5851 Fu s O FE ki

(1) INCa O#EE

INCa &, DAZxtG &+ D58 - BEIRICERAZ Y CTREZREREE LT, 200948 A 9 H
“Public Health Act” (AREWRE) IZEESW Tk jéﬂtoéﬁ@/%/7 T REREN
National Cancer Initiative Z "8 2. S AMFIEOBGLIZFIER 00 | ARk OI L & o7,
FTRORT, 7TV ADREAEE L SR FRICHIZ BT AL 72> T D, PREI
2005 FITIFFEM TR 7 To—nr, ZAUBEOFEITH 1 {E2—r Th 5,

INCa O/ ZENILL TO®EY Th 5,

NG (BlEE, TBI. W2

EWRrT (RTCONIVBEDr 7 OE)

e (EBEAINC & 5E T X DT L~V & RE D72 0 O 03 AU BIEAF TR BOR)
5 (f %2 DEREDRD A LD 72D DO HRL)

181 http://www.lovd.nl/3.0/home

182 http://www.umd.be/
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7T AT, EEBAS »FFHEAZERmP ThH S (2009~2013 4, 2014~2019 D
WO 253 & o> TWD), TALOFEO—RE LT, BafiEs 7 7 A8t
JROH TV (JRBERCM O B fiak T2 bivd A > 7 7 285 L, A % 550 C & 2%
JERLTWL) Z &% 2009 4F0 5 FEhE LTV 5,

Fo. HROMBEZDRNT ) LAEFRICFH L LA =37 F 7 (Precision Medicine,
Genomics England ® 7 7 > AJR) Z BRI TH Y . ZHUSHIT 27 RB E DR E A 9
& LT\ %, Institut national de la santé et de la recherché médicale (Inserm : 7 7 > A [E| 37 R4
EEERESERT) AL E 72D 2016 A 2 HICHEBICIREEZIRN L T b, BIEIXEET C
by, BFREOMTIHIEEIN TS,

(2) B-FREDRAE

INCa lTBEEOBEEFRET 1 7T L% FHE L TND,
® NADBEETIREIX. LTFTO _»>0OFEICLvitshTns (¥ 58),
v ABFEMRERSN DY T N ExS LT SR (Germline genetics)
2003 I DIE Y, 7T AR TITRIET 5 25 D Oncongenetics organization (&
Ihiak) CTHEEINTWD,
7T AL 25 DT ARNH Y, BRCAICEETHHEE (A, FEPA) K&
OV CFEEFEAZ DL L TR FAREZER T2 L2 AN E LTS, 2003
DB 2014 4EIZH - T K 15 T ADE A K ORI 6 5 NDOBIRPHRE Z 1T T\ b,
v RHIRRZE R A x5 L T DA (Somatic genetics)
2006 F-DIGE Y, 7T U AR TITHRTET %5 28 D Molecular genetics center (K7
BN A X —5) TEIESN TS, 2. PR, BFEEzREET5, A
MIFCETEIEZIC X T D @ E DT A b & Eiid 5, WEEH & AWEE om0
t L ICHER S AL TV D, 2006 45725 1% INCa & JEAE M LR TR LT\ %,

® 2016 fFBIfE, 9 DOXZUIB W TEIE FREZFEM L T\ 5 (F 5-1),

o BRIV RV VIERMET IRV —ROEZZEOHDPERITEZ TETNDE
Bhorv) o ety 22 —i3, BIE, 77 A4 10 90 O T 130 &
FTIZ & 55 2003 4E121% 12,696 A Th > 7223, HEZ OBUIAEFTH 2 FilT. 2014 4
(21X 56,897 ADBEIB I VY V7 EBZIT TN D,
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= 2 national programmes

. . Somatic
Germline genetics .
genetics

Oncogenetics
organization
Objectives:
v'Genetic predisposition v diagnostics
v" Treatment (PARP v' pronostics
inhibitors) v treatment

Molecular genetics
centers

Objectives:

Since 2003

Since 2006

5-7 ZEHME CEE I TV DB AEMLFHRE
(HAT : A & B o —S g s

. K’ar§s - AP-HP
Curie e {
St. Cloud @juéf

. Versailles A Lille
N N Amiens S
Q cancers non fréquents - i
Cefitre Jean Perri ] 2 «  \Rouepn .
N GHU-CLCC de Lyon Y P Caen 8¢ JReims v
| ancers fréquents _ S " . ¢ A ancv? [ Strasbourg-
| . .Brest ~ . Nancy i 5
Institut Bergonié, Bordgaux W Py B4 Colmar-
/ o N > : » . Mulhouse
S «“Orléans! Dijon
APHM A h

{ Besahcon

. & (/
| )
/ﬁm Paoli Calmettes, Mardeille~ |
( 4\

. Tours )

Poitiers

P )
A L
U L)
L
A . N
a T | APHR Hopitaux Universitaires La Pitié-Salpétriére rBordeaux-/
\ APHP\(Q{\aux Universitaires Paris Nord Val de Seine La Réunigh oS ¢ .
\ m paris = 2, ) Nice
] APHP Hopitaux Universitaires Paris Centre et Paris Ouest / 3
Institut Gustave sty, Villejuif \
Institut c‘r]ﬂ'

Toulouse ,___ L,
(o, | g (" Montpéllier-
L —

‘ e 3 Nimfs Maiseille
N =

(@) 25 Iaboraibries for genetic testing

(b) 28 regional centres

5-8 A DT SE iR
(AT : A v 2 v — iR fiE k)

115



# 5-1 DADELTHRE
(AT« A > Z 2 — S k)

. X Patients nb
Biomarker Cancer type Targeted therapies in 2014
Chrl?enLJEel\r/In\i/ae}OId Imatinib, nilotinib,
BCR-ABL translocation . dasatinib, ponatinib, 7453
Acute Lymphoblastic L
. bosutinib
Leukemia
KIT and PDGFRA mutations GIST Imatinib, nilotinib, 1189
dasatinib
HER2 amplification Breast and gastric cancers Trastuzumab, lapatinib 9680
(breast)
KRAS mutations Colorectal cancer Pamtumumab, 22011
cetuximab
EGFR mutations Lung cancer Gefitinib, erlotinib 24558
ALK translocations Lung cancer Crizotinib 21183
ROS1 translocations Lung cancer Crizotinib 5414
BRAFV600 mutation Melanoma vemurafenib, 5534
dabrafenib
g/t BRCA mutation Ovarian cancer Olaparib

Q) BEREFREOERIKR

7 F o ATIEHD AAIRTERRIE O GRS U CTRARS 2% L T\ 2,

O  FINAKIDAGESND E[RIRFIC SR A SR HE R T 5, K2 A (KRAS tumours) |
Jifi73 /v (EGFR in their tumors) D% 7% & | Z 3V EFLOTEFIEDERN EEIE ST (EMA)
IZ R VARSI L RIFHCE A2 L TV d, a2 T, INCa ixZinh
DORREE - IR T = PR 2T LT D,

® JEREDOARII o THRMRAERZ NG L LB FRE~D=—XNREE > T
5o FD=— R &3 T, HEEAHE O - DI PRI SN T-, ZDFHE L, INCa &
AR O TR ->TEBY ., INCa lTREDY S EiFa & M &, 77 0 AMREEILE
DIEE T 2P L T2, 2016 2B I%, Bt F2hi o 72 D O 1 2 & (R4 O RIHN
(Référentiel des Actes Innovants Hors Nomenclature) 23 & L TV 5,

® HRTRADMERIEICE LTI, MEXATICTA RIA4 V2R EL TS, SNIE
FAFICE DT A AL MHERL TV,

® HPSTIEIZL Y, 2020 % TlZiL, A, REZMbHT. 77 U AICHHET 2 i
F%1E 1SO 15189 fEVEDFRE AT HDMENRH D, EDT=, 28 Doy FBis & ¥
—E LR ICRE SIND L) ICHEREED TV D,

® LW FHEMIREAS~OERL LT > TR Y | JRERIEN AR S NAUE, T <IZE DIEHE
EIZIS LT A2 E M TE 2 L9 IRl 282 T, FlxiX, M 5-10 1R d &
212, KRAS & BRAF O %5 KA A, BRAF & KIT OERA D RIEN AR
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ENZDNWT, Filelend A~ —h—ZRET K0 %23 TICEH L TV 5,

il & 2D EFHIHR AN ATREZ:  (Actionable) ISR OHNEE 2 21TV, 2015~
2016 “ElZBW T, H—i&{s+ (Genebygene) BRSO, BE OB INEE DK
2272 3> TV D EAHRS (Multiplexed strategy) (2810 82 5 - L 2 HIEL T\ 5,

Offer each patient in France an equal access to molecular tests as
soon as a therapy is available

Colorectal cancer: Lung cancer:
Mid 2008 : EMA approvals for June 2009 : gefitinib approvals by EMA for
panitumumab and cetuximab for patients patients with activating mutations of
with wild type KRAS tumours EGFR in their tumors
= |INCa started to allocate €2.5M to the = |NCa started to allocate €1,7M to the
28 centres at the end of 2008 28 centres at the end of 2009
30000
25000
2201
25000

19347
20000 18568
17246 16581 17003 20000

15000
15000

Ly 10000

5000 5000

2007 2008 2009 2010 2011 2012 2013 2014 2008 2008 2010 2011 2012 2013 2014

5-9 RWEhi A, Wids A OB REMEOHER
(T« A v & v a— St filE k)

INCa set up a program for prospective detection of emerging biomarkers :

EGFR, KRAS, HER2, and BRAF mutations screening and ALK and
ROS1 translocation screening for patients with NSCLC

KRAS and BRAF mutations screening for patients with colorectal cancer
BRAF and KIT mutations screening for patients with melanoma

NSCLC patients screened for
a molecular alteration in 2014

2572 6566
25000 720 642
20000 167
mpositive results
15000
1:228 65 = Non contributive results
0 = _
® © o o ° - mNo molecular alteration
& o & & o &
S & 3 Ry & g
<& & ¢ oS & &
& F & & ¢ &
M N © ¢ & &

Be ready to perform the test as soon as the therapy is available

X 5-10 HrH o TEERIERE~D B
(HPT : A v & B o —Seg gk
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53 J4vI Uk

T4 Ty RIZBTLY ) AEOENIRE LTI, 7 4 T R THRANCHE ST A
FX 7 T D Auria Biobank [IZOWTHRE L7z, 72, 7 1 v 7 ¥ RIZAESRRBT (KELA)
N AEERI R IE R T — 14 7 (KanTa) DR EAZED TR BTN —mlb i,
KELA 1 — R & WS EAN ID TEBRERA~DOT 7 B ANAFEL /e > T D, REONEITLL
To®Eh Th s,

Q) 74T RIZBF DA NI OIRPETH D31 A3 7 ik

(2) Auria Biobank

(1) NAFNUD &%

7 4T RTCIE, 2012 28 A A3 7 ik (Biobank Act 688/2012) A3z L, 2013 $
9 HITHEAT & 72 o 7e, NA AR ZIEIE, NA AR 712810 D ARREBIOIE - 5T
EHEZREL TS, X 511123, AN 7 EOEEZ R Ut F 277,
O NAFNRUTEFNBLE LEHEIILTOLONRH Y, 20134 9 A S8 & o,
v A F R 688/2012
v }54 (Decree) 643/2013 (f > 7+ —L Rzt )
v 84 (Decree) 649/2013 (BEfEZtEID#1T)
ZOMDOIEFIZIILLTO L DR D 5,
v ERAEIE (488/1999)
B ANAE % (523/1999)
BUMIE B OABAMEIC B9 5154 (621/1999)
b b Oligds K Ok o i fl A B3 2 164 (101/2001)
ZDfth
® NAANRUIIEE GBI EAWDOIIEE KBTS LA HE LTS, BIRICIE
WFFEH D 7= OFELORI A ik 2 L RO H I L 2 H 0GR 2t 2
EETTANT—ORHELE R NOBERRELZHSICEET S22 &2 HRE LT
Do I, ABOMEHICET 28kx e — VAL T 2B H 5,
O NAFNRUIHGEEIE, LT O BEERIZAT T, NA A TICEE IR D
BLEE R AFIH L IO Z B L T\ 5
v EEEIEE
Vo IRIRD A T = X LD
v REEEE ORI T 5 B SOTRIR TR OB S
® NAFNRUIIEE REROT—ZORMAEARICTEHLDOTHDY ?ﬁ*%%ﬁt%@f
n—Rarky NaeA AN TICOREATH, 7r— RRa sy M, @50
BHCMEBIFFE DRI E TIER < JHEE L CWARWEROIIZE 7 1Y =7 MZ Téﬁn
FIAZAREET D LD TH D, ZOREIZREEDHEIT 2 £ THEITH S, £72.
TR LT ORFFERE ISR ATRE & 72D (NA AN 71512 5R),

NSRNEENIRN
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BNRXAFNR T, 74Ty RERIZEBIT D MNBIOARZXGR &35, fip<ofth
DEMIZEIT 23BHIIR Y > TV, £70, BB 2RI Lo 1, whoehs 1)
T SA AR ZITRAN L 721 0T 72 B 720, 21U K O AFEFERE D AN A AN 7T E
BIN DA EE-o T D,

INA TR ZIEOTATIZE D . 10 DA FN 7 PREE I TN D, 23 R
JTEE LEZRENMGOND Z L2 o> TAHEEDOAA R0 712k 5 ak— i
FEINFERERTRE CTH D, — F CEHFHRE WM CRR DB FINT VAT Ll L
DI CREENE > TN D, A A3 7 OFEREICIL, RSN IS5 DGR
WHNZAT D Z ENFEINLTN DD, EIEEHRIEEOBESZ ORI TR T D F
TIZIEE STV,

I ocus Categories Languages “

on Finland

Focus 2015 / Why Finland

FINNISH BIOBANKS HAVE ™=
GREAT POTENTIAL

Finland has what it takes to become a leader in international biobank Similar articles:
research and the commercial utilisation of genome data.

Great E:

TEXT: Leena Koskenlaakso
PHOTOS: Shutterstock

TENTIEL DES
JES FINLANDAISES

Abiobank s a repository for human samples donated for medical research by patients. The
samples provide human genome data that can be used for identifying the best treatment for
each individual patient, and for detecting the risks of the onset of a genetic disease. That is why
biobanks can act as a gateway towards personalised medicine, targeted drugs and commercial
genome services.

Biobank act lays down the rules

“The Finnish Biobank Act came into effect in autumn 2013, and the first authorised Finnish
biobanks started their operation during 2014. The Biobank Act specifies the requirements for
operating biobanks, secures the rights and privacy of sample donors, and defines the role of
corporate collaboration. Together with the national genome strategy, to be launched this year,
this opens up research possibilities that are unique on a global scale,” says director Antti Kivela
of Sitra, the Finnish Innovation Fund.

Biobanks have also a lot of commercial potential. They can partner with pharmaceutical and
diagnostic companies and submit samples for clinical trials, for example.

Many unigue assets

5-11 7 4> T2 RONA F N 7 EIZEET 550 F
(HEFT : http:/ffocus.finland.fi/finnish-biobanks-great-potential/)
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(2) Auria Biobank

PLUFIZ, Auria Biobank ™ 1) #%, 2) SEHEORN., 3) A 7+—L Ra iy b,
4) EERERNEONTZGAEOX G, 5) M7 vt A, 6) {B¥HEREOBHNC STk~
%,

1 #BE

Auria Biobank O ZEIILL T DY Th 5,
Auria Biobank (%, 7 ¢ > 7 ¥ RIZBIT 534 A3 7 IRIZEEAS W CERA 252 1T T2 e 91D
INA F A 7 TH Y University of Turku } T 3 - Hitdik (Southwest Finland, Satakunta, Vaasa)
\ZHTES BB b OB 2 FTA LT\ 5,
® JHBETCREEZ T HE0 T AEGE LTy, #itEFEDEE T —% L Lzt
MECROBEIDBNE SN TV D, BEHI R VB2 01X, ik, ik (Zry =, &K
= UEE, T 7 4 oal#l) | DNA, MER, R ETH D,

® Auria Biobank I%, #FEECARZEDOMEA 7T E LTRIHEN AT TR, KT
RS HE b REESE 7 v — 7 & O HEEIRFE B keI T i T B,

o B ZFIHT 22 E I, ST DB ONTBROBRANKEHF TN TEY | £
DIFWMDI S, AR T ICERE SN D,

2) AMIREDIKE

EHIE DARPUILL F D@ Y Th 5,

® JU=HNANAFNRTTHY, WEHIFEE CORKAREINR—R LTINS,
N AR ZEORIELRNCNE SN ZRE L E TR0, TOEHREE,

Vo A FN U I IEOREAT LRI S T ERR R O OEE G L 8o AR s
BB RICEDONLFIAIZELY . NA AN T IZBITTE D,

v' University of Turku o 327 F AR AL, 1930 4= Hospital Pathology A35% 37 X 41 C
LISRERE STV 5D,

v’ 1986 LUK F2WNIZ BT S fH MRS S 4L TH Y L2000 4ELAREILZ2 M D 7272 57
RIER RS DL TOFERNEFNRTES ATV D,

v’ FFPE LB D 100 J57 LA EOFAFRDS SA AN ZIZBITSITE Y . Ziuh OFE
WZiE, BT BEERT — 4 GEOLOTHY . WODRESNTORMS), EDXH 7%k
a7 ) BAREL T D,

O A AR T IENHIERNCINEE ST 3E G SA AN ZITBIT ST, Z DRRIC
X, X7V v T N —FIEE ARG LT, T, BATRIC., TR, 7
UA, TV R SRS AR L, TTRISEODNT 570 EOE Mg AT o7, =T
YA MCBWTHARLE, FFEOAT b7 U F Tt & bV AR, BEINEERHT D
ZEMARE T h o 7o, ERHIERTOBREL 2 A AR 7 ~BITT 52 L1ITDO0NTOD,
F7 T U N OEAEIT 8 ThH T,

® HUE. R OB TREHNIEZ - TV HDD, EHICEL ORENRLETHD &
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&2 BT 5, Turku University Hospital Tid, 2012 4EWf S C2Wr 25217 72 RE )
19 TABY, ZNENOBEFITIL, FHT 29 OBWHRRENRH L, £ 52 1%, K&
BOBEEOE TH 5, BIFE, Auria Biobank 1T, AkGEHIZFEIOINETEEI 21T -
THY., 201544 AN BiE, “Capture All Newcomers” % Biat L Cu 5, 4FEfi] 30 T A
D A7) Auria Biobank & HHES 2 IR KBE L TV 223, ZH b OFFEEIZ ISV TIE,
BEEBIT L CREE (EDTA MEE X7z 10ml OFED oz ko Tnsd, —J
T A AN OFBHEEIZIT, BEOZK-CIERZE LTI RLRWE NS T
FAREICENTWD,

7 5-2 Turku University Hospital ¥ 51 D FE 5%k
(P - A 2 v o — e IE R

2 BEH (N
ASREM: Ry I AE 14,814
LA AME) « O E) 7,316
2 BB PR I 5,565
HEEE RS PR JHE PRI 5,466
FEHEARB] O SR 4,918
Ak ERGER 4,689
Jiti 2% 3,618
B 3R, 3,555
Sha] 3,052
7T m— NMEALPE LR 3,023

) A T7F4—LFravErk

ABFIHICETARE (74— FRartr b)) U TFTOFETESEL TV,

A, ZHRERICZ W £ - I XER TR O DIk LT BE2BICER CRIEA RO 5,

B. Auria Biobank DR — AL X—U b Xy ra— RLEREEZEBE L CREZRD D
(Z OBAITIE, [FEE4A Auria Biobank ICEELTH D D),

4) EELGHEENFONIGEE DR

Auria Biobank %, EHERFERNGOLNTHEOFHEKIZONT, BLND X 5 s
ZETWD,
o  [FLOFEN LELOMEREIZ )0 D EK R F LG S 726, Auria Biobank 7> 5 |
WG 22T 5 Z EICEET 50 Lo v L, 99.4% 3 FRET 2 & [EE LT
Al
o  [EMOBREIORUL, YiLFAE TH A= SN WEH O ~D BNV T,
Auria Biobank 7> 5 | #A& & 1T 5 Z EIZEE T D0 V) BIWISKRE L, 92% 53 [FIE
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5)

T 5 EMEEL TS,

METOoEX

X 5-12 1%, REHNEN SERISHICEAE TCO—EDHNER LTS,

Auria Biobank 1%, Z ®—# DL ([FEOBE S AAREIOINE . DNA D5
7 DB DOBRGE . WFFE - EFRICHICE DS T) 2EHL TV 5D,

BRI 7 AT 2 E BB % S L CF Y | Quality Management System (2351
TIL ISOEHEIZHE L TV D,

ETORET —F_X—=2HMENID Z@E TV 7 &5 (¥ 5-13), T—X{RE &
fEMTIZ DUV CiX, BC Platforms #H & 38#HE L T %, BC Platforms thix. 4~/ A fi# I
B4 7 4~T 4 7 AT DY 7 b= TERHETHY 70T ROBEH
THDH~VY UFICHFET D2 TH o7z, 2014 FTiE, Atz A4 2D R—E )L
B LT,

HOSPITAL DISTRICT OF
SOUTHWEST FINLAND % TYKSLAEB
€9 it ‘ —
A S oSEeTE
\ \ N S v
/ 7 X TS sy
S0 E5ss
S STy
§ :‘?—' < ?.C’ <
» eSS
S ! S ~®
Biobank consent as || Sample collection DNA purification by S;?B}JETI‘Z"“E a"d.TePO'T('jT‘gde
part of hospital by accredited accredited E;_T/‘\CE;: D/;agErl]VIOStI:lC Staﬂf.a; s
routine procedures procedures / 2 QN certified.
ISO/IEC 17025:2005 ISO/IEC 17025:2005 Reporting CMGS / ACMG
and 1SO 15189:2007 and 1SO 15189:2007 guidelines and 150 9001:2000 and
EN-ISO-15189 standards

Medical research,
New health care
modalities,
R&D

/

5-12  FBHNEE D b EIRHFFE~ DAL
(AT - A 5 Ea—JefR R
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Auria Biobank sample and data register

Hospital EHR
systems

PATHOLOGY (1983-) CLINICAL DIAGNOSES
« morphology. TNM staging,

: " . ! (2004-)ICD-10 CODES
Electronic immunohistochemistry. N=10600 000 diagnoses
molecular pathology
structured N = 480 008 samples
S e
ICD-10 RESULTS (2005-) PATIENT DATA (2084-)

v

LABORATORY
 Date of birth,
measurement, value
SNOMED and reference volues date of death,
N =100 000 000 values N =500000 patients
ATC
- TNM

PERSON ID

RADIATION
CLINICAL
THERAPY (2000-) OPERATIONS (2084-)

Uil N = 1500 600 ki
N = 250 000 fractions operations

National registries

Biobank studies ——MM — > PAARHAGY €2000-3 oy e

Chemotherapy, dose AND LUNG FUNCTION
N = 200 000 doses

-itoring
)—-’

5-13 AN ID (T & D31 A0 7 3B & BRIRTE O S & B
(AT © A & o — et ik

6) JAFIRBADIBH

Auria Biobank |3/ ORI 2B L T\ 5,
® Auria Biobank Tid, FEADAEERKENCT =& RFAFEL TV D, FIKZHT. kPR
A DAARHETT B, AR R A AER D » THRUG LT\ 5, 1R OB
HiTH> TV 5D,
v HDOERMEEEE OLAITIE, B IGR 2% T 72 55 %00 5 60 % £ TORE
ERT — X RS TRigR L TV 5,
v IREGEOEFHR~OREEZTIRD BT, KIBRAZR EORBIZE TS, A
BOWEFRERE 7 + 0 — L TW5,
® Digital phenotyping (ZHt W $1lA T %, ICD-10 (EESHEFEOFES 10 i) OFEBHEIC
HEox, RETULOMHIEIZOW T F OB LG 2D T D,
v T AR O
vV LW A== RDT-
v R ERIRIRRR O 7D
v ERIKIBBROSBINE L DT
® WEE (20154F) (X, 50 DT m Y= 7 MIxt L CRBlORM 21T o7, 1ZEA L
DOFIHBFGEZONWTHERBL TWDLIN, BEAFERE L E WO BT, HEEHEG L
Ter—2bd %,

o BT — X OBTBRMEIAT > TV B, RIS 21 COBAEL BRI I,
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i A Bl S o Rk ZE B4 (Scientific advisory board) TaE5 Z k ’fotofb\é

GEFRBFOND L THFERINS 1 BIZEDD D), ARSI NIHAITIE, 2~4 18
MILLNIZ., Material Transfer Agreement (MTA) 72 E &8 L, /3 A ZL/\/ﬂ B -
T—H TS, MR TR, FIRE RGO N T — Z 2N A AN T RAT
DT LI TWD, ZDTe, A AN AT, MRS T — 2 2% - 55
T&E %,

54 ITRLZ7

T A R =7 1%, e-Estonia & P D JeiERY 7R IT R 280 L Cu 5, 2000 4FIZ & F-FEH]
F1E. Population Registry Law & W o 7Bt A4 m[ik L7z Z & T, e-Cabinet (1TEIC Eﬁﬁ“éﬂ‘
—bB ), eTax (BUZPHT oV —ER) LD EFEH) —EAZFBL TS, £t
IT EEEZFHL T, EREHREZELL, BB ORFREERICT 72X A[ER—E R
REEREHL TS,

7 AERICBI LTI, 1999 4512 Human Genes Research Act (HGRA) ZHliE L TEY

:j/l/zfg\
TWo,

A HDNA F R 7 FHEE (University of Tartu |2 &2 % Estonian Biobank) DO#f & 72 -

KEONFIZLLTO@EY Th D,
(1) e-Estonia
(2) Estonian Biobank

(1) e-Estonia

LLIFIZ, e-Estonia ® 1) B3, 2) A > 7T - X2 UT ¢, 3) EFEEHP—ERZON
Tk~ 5,

1) B

LLUFIZ e-Estonia DA F L 5,

® c-Estonia [T A F=7TOREMEKRTHY, TR M=TIIBITIHET2LIEEN %
BT 5, SESERIN—TNEDOMOEDLEITG L D720, v a——h &k
TR, AEM 700 LI E DS EZ T AN TV D,

o TXF=T7ERIZKITD MID 33— F] ~OERIEIE <, K 100 FHi16H8HO ID =
— R&Efn, HEOFRIESCT I 2 =r—r 3 ol EbEX-> CTE -, ZOGH
T4 Bk~ E TR TVWD, SHIZ, =A h=7 7 e-Estonia % FH 7= 5
ELTIE, ARy nE (2015 07 —# TIE AN T 131 5 A, GDP TiX 205
Eo—n) (2o T, HEIRDERYE L, TBERAE & oM THRANEBM AR T 52 &
MRDOENTZZ ERH D,

® 2007 fFIZT A h=TEa 7D KPR A N—B B A Z T 205, AR THIO T
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A =BT EE) U EBRRY 7221 B 2 OV, 2 LISk EH#B T d 4 Tallinn 13 NATO
LBTFLIAN=T 4 72 A —DORIMH L 72> T %, e-Society DEHFEN
H3ENBE LI ELTWHEE, =X h=71%, BFHEE (i-Voting) EFHNHE
(e-Cabinet) . 1 (e-Health) 7¢ & OE A% O X MOE~x OBWHESHT & 72> T
BO, HRAOVEUENZA =T DY) a—arEZRALTNS, B2 4
L 74T RIETA =T ROV AT AEZBATLHZ L2 TELTNWD, ZOFF
R 74 T KRR A =T LY RIEANID VAT A& RO HED LT,
FIUEEE R Lipino T2 &N 5,

EER., B, BV A7 EDORT, e-Estonia OFIHFRILELS ., SEIE TV 7
—a VRS, BA, LK, BESETWD, EFEFY—E 2%, FEl 1 AN
VSR 26 [FIFIH LT 5, 95%0D “FRE S HRG o A 2675 C e-School O — B % % fifi
ALTWS, BEROV—EARZE T4 O T2V T7H— R TRHIHTES, &
PEEBORE IS 70 SICBE T 5 Z & IX—EH R TIThL CWA N A 74 v ETige
A EDIGIRFHREDHETH D,
EVRXADGTOEFT—EANRMNL S TE Y, FIHFENRE, e-Business registry
A BN %‘%ff%ﬁmiﬂf%é F7o, BIHELE T O OB
22> TETWD, BRI, 98%DITHLH 575 e-Tax board TITHiTH Y, 99.8%
DEATIR V IAIA 3 %%ﬁ%®f%é

EPEDGETOAF L TA CRHARLEW, Bl 20X, AFEO5 8 Tk, 2014 4120
95% DALTTEDIE A D e-Prescription TITHIL TN 5, [EBIET — X ~D 7T 7 & A & iliR
THZENTEXDLN, ENT IV EATELZENT 74NV INREL 2> TWND,
T TAFHEVAT ALRELTEY, 2015 F®EE T, 30%LL EOFIER A
B —Fy MEA Lo T BT, 2oV — B R ANEEEIC L o TRIEME SV,
BUIE, = A F =7 OIEANKRMERETIL, [7—# K{fifif (Dataembassy) 72 =7 b
ICHRV A TEY, TR, FAEOY AT ANKESATYH, AR =7 KffE
DYAT BBy 7T v 7T TEDL LD REHIOMELZHIELTWD,

) A7 -txaT4

e-Estonia DA > 7 T R OMEHRE X = U 7 ¢ BIEFEIIZLLTFO L S5 I TX 5,

IT OEERIIEL ., 80%WDOHE I ca L Pa—2Rbb, £/-. 7u— KR Ko
Kb ED, 88D T rm— RN R (3G HHWMTAG) #fEHLTWD, £~
B—F v 8T 7 ANEMERITE L Al STV 5,

ID 71— R & EANAVID NEFBIFON—Z Lo TS, 2O K9 2 Euli%, 2000
FIZT AT RTHESTEN, 7407 RTEHEDER LT, TR F=
T, 2002 I ID H— REBALLER, Ih<E X L7z, 4 TIE ID 71— ROREA
FIXERD 94%IZ#E L, 15 %20 BT ID I — ROBUG & #EM T T\ 5

ID 77— Kl e-Estonia O FE> — /L Td %, e-Estonia DFIHIZ 2 7= - Tix, e-Residency
P—E2 (M 5-14 BH) ICLDBENLETHY | BIITL Y ID B — FEZITH
LZ2ENTED, TAM=TOERID I— RV AT AMIERDLTGED ID #E 2

125



RN N N N N NN

T, e —ERIIK L TLET 7 EATE LA TCHLRLEmRY—VThD, 11—
N EDOTF v 712i%, 2 DOEAGRIEES (PIN) A THY | 1 D0F 4~12 H7 DR
AEAESTHY, b I 1DE~RHTOEFELTH D,
ID 77— FIZB1T HRdGEE 5 O — I RF A EITKR OB Y TH 5,

T A F=TEHRIZE > TEUHNOIRITICH 2 5220 ID

] ER A R PR R EIE

HEAEa2a—2NnbHITREIZ R 7 A 3 HEREOGEHE

Tallinn & Tartu (2351 2 AIAZ@HEEI D 7" U ~— FYIFF

wFEA

R

B OEFGLGFOBR SR EOEOT — 2 X—RA 2T 7 A

AL ZE  (e-Prescription) O3z 1T HLY
ID 71— R & H\W=E &4 (Digital signature) O AN S48 FL AR — & /L= i-Voting
VAT A, e-Tax HE7p E OB B LER e-Service DE A7 £ e-Estonia O} |G
BT TG, BFEAOTEMIZ. 1HHIZ GDP 0 29%4H 24 D FIHIREN R & %
EHERXTND, TA =T TOEFEBEHAIAT LI, FEAEDHRICETFEA TR
TLEFIHL LR 2T RXR=2DHh—E X TIEATE TS, 2O L5 e BI
2000 - 3 H. BN E B IIEROEEEY & FEOIERIRILAE 52 5152 nik
L7722 &R, o ThoT,
SIoRHWECLIT-are S LT, [€r27 Y v (Zeroclick) —EZ] @
BAEBRH LTS, [Ear Uy s LX)y 7)) URECETHD LD
EHRTHWTEY, ZhZ28ATHE, flxiX, BiREOTOORB~DFTLAL, &
— F 7 4 VD X I BERIEHRA BERICGA SNAIHBE DN ZRETZT Tk
2B, LVENRY— X EZRIETE D LI D,

e-Estonia.com
The Digital Society. 3 Qe

v

The story Components Case studies Showroom ICT industry News Toolkit e-Resident

.
Apply to eResidency * 2
]

Estonian e-Residency ) sm;smmom«er

PN SERVICES & BENEFITS ~ APPLY  FOR DEVELOPERS ~ HELP  CONTACTS

What is e-Residency?

“e-Residency offers to every world citizen a government-issued
digital identity and the opportunity to run a trusted company
online, unleashing the world’s entrepreneurial potential. “

The Republic of Estonia is the first country to offer e-Residency — a transnational digital
identity available to anyone in the world interested in administering a location-independent
business online. e-Residency additionally enables secure and convenient digital services that
facilitate credibility and trust online.

AINULT ELEKTROONILISEKS KASUTAMISEKS
ELECTRONIC USE ONLY

5-14 e-Residency DR —AL~_X—T & ID H—F
(HIFT : https://e-estonia.com/e-residents/about/)
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3) EHEES—EX

LIF, ERBERY — b AOMEEZ R,
® e-Health —t 2 (HiFT : https://e-Estonia.com/the-story/how-we-got-there/)

v e-Health (3, VY —ECRADRHET o 2AOFRGFHZAEST Z LT, —v20Mm Ex2 X
STW5D, BE, ERIIX20 0095 b 12 pEarta— A BECHESLL TS E
MH, ZOF¥(EZUGET DRMD D 5, 4 T, & - HBREMNTOV— 2 (7
RA Y R A FREANDOIEDBIE R L) (27 4+ — I A% T TR, S%ITER
REDTT Tasg F =0T OV —E R &hr g LT

v ﬁﬁ\%&%&E%@%+#31@E$%~EXﬁ/& AR TH D,

v e-Health IZBESNDHT — X DENRRIERE 2iEE 7> TV 5,

® FE1/v7 (HFT : https://e-Estonia.com/?component=electronic-health-record)

vV T ARN=TOEFHNTIE, ENORA REFEEOT — X 24 L, FEREORL
BRANER T 2 2EN R AT LA TH L, —EFRICER L TWHEET —F X—
ADEDITRZ DD, EBRICITFEFEE GBS U T —2 2] L,
W7 —~y FCRIEBETEDLLORFELL>TND,

v ORARRZIE, ERIAEREOMECT LV —, DI LEk. 2 DOIRIE,
RO A EOBEBERIGEMEAMR TE L L IITR>TND,

vV ZOVAT NIFEFAEICHAH S, PrEE TR OMm, ZEROHER
EREENENCFH SN TV AN EHERCTE 2, BH XA HH O EOFLER
W7 7 BATE, EFIDI— FEHWTEER—Z Va7 A 1%, EOBE
JESSBIE DAL IR & s T & B,

® E A% (HPT : https://e-Estonia.com/?component=e-prescription)
vV T RARN=TOEFSZE (e-Prescription) TiL., ERINA L TA DT 4 —L&ff
TEFIICGTELIITT D2 LN TE 5, EARNIBFHFRE > A7 A0 HH
DHIL, AT T 5, BEITHERTID I— REERT AT CUGEL ST
HZENTED,

vV A M=TENOEFER RN OV ATAEENSTND, BN EY
AT AL, ERERRBRE S BER - TBY | BEOEEMBEIZET 2 HH b [FR
WZHIRT D Z & b,

v %@ﬁ@ﬁ:ohf% FERIOBEIIRE L fo o TV D, BEDERE A —LLA
NA T, EI/ETaALHF T MERY, EMA 2 Ea—% ECBEICHLENTE S
A L 7o TN D, ZHUZ KD | B L EATOM T CREF O EiFIN T | R
BT FH 2 X P METE T\, £, 2013 FIZITNFED S L, EFRITS
NZb DT B%E 72> TN D,

® [HHAIHIZE L TiL, MER - AW T, BB 21 ToTW\Wh, By
T TIREREB O D ERT = RIRT — H R U :Ob\“c ITRFICIEEZ A - T
Wb, Bl ZIXERIRCELR 72 ENT — 2 ARIERIH L2856, NEEIL LT3 % il
DTHTEHTE D,
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HeLPDESK - ==

3 E-H EALTH
\' S sl B @ (+372)694 3043 (@) abi@e-tervis.ee Sitemap

e EsToNIAN EHEALTH FOUNDATION HEAI.TH INFORMATION SYSTEM @ INTERNATIONAL PROJECTS
Organization Details System Overview EpSOS
Contact Information eHealth Services SUSTAINS
Our Partners Useful materials Regional Telemedicine Forum
See more...

‘i:-j’ NEWS AND ARCTICLES

World Health Organization brings to Estonia eHealth experts from six countries

Chancellor of the Ministry of Health of Lithuania visits Estonian eHealth
Foundation

Regional Telemedicine Forum project results presented at e-health conference in
Lulea

Estonia launches $10 EHR

Benefits for hospitals and for society as a whole

@ 6943900 (@) etervis@e-tervis.ee Q) Uus-Tatari 25/Veerenni 13, 10134 Tallinn

5-15 e-Health O —L_—
(HFT : http://www.e-tervis.ee/index.php/en/)

(2) Estonian Biobank

2000 4E (23 ZL/\“/ﬁ ’Fa'é'é‘é?ﬂ%& L C Human Genes Research Act (HGRA) 73f%A7 L
7o ZHUCE D BRI ST-RIEEICESNT, HEOREICET A EH & & bY T
B OUE N FTHE & 72 D EERO 5%I12Y 7% 52,000 ADXRERE LW KT — X BRA
TAHIZE->TWD,

PLUFIZ, Estonian Biobank @ 1) BSEE, 2) 3, 3) FELOMRLE. 4) REIORME, 5)
Y7 F—hRarkr b 6) B REMREOEH, 7) EH ORI ONTIEND,

1) BREE

LUFIZ, University of Tartu [2381F 52341 A3 7 OFEL %201,

® Human Genes Research Act (HGRA) %, 1999 4FIZ = & k=7 BUMN -3 &0 ZM 2 |y L
2000 4£ 12 A IZiEA % @i, 2001 4E 1 A IZHEfTICE > T 5,

® 2000 FlZ, =A R=7 a7y y MESE (EGPF) MR ENn7-, HMIX
FRAR—AD KBNS A AN 7 RS L, BRF 7 ) 27 AORZERS., 7/ L
T RO T — & OISE BB O R DO AR AE~DOEM 2175 Z & 12dh
Do

® 2002 4F 10 HIZ3ARTH / MERINED /M 1y F Ty =2 ZBlih L, 2004 412
T7my s NeaERF L,
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2007 &= 4 A 7>% EGPF (&, University of Tartu Estonian Genome Center & 72> T %,

2) M=

Estonian Biobank [ZfER~N—AD /A 43227 TH Y | University of Tartu @ Estonian
Genome Center 73&E =45,

3)

t NMEEFIFEE (HGRA) IZESWTT —& LREINIE SN TR Y | ZNF L4
ENREFICEAL L TWD,

e BT 18 5L LK) 52,000 A (AN DOK) 5%) TH V. Fhin, PRI, Hilgke
EDEWMNR B 5,

Bk ORI, = A F=7 A 83%, 27 A 14%., Z O 3% 5725, ERIREH
DT HLGFET, MEED ORE 2 RIT 5, WS 4 AT TOZRBEOREFRIC
B4 H1EwH. EEy, 5, BE, SR EDOFRBINET 2,

F 72 ICD-10 EHLO IR IEIECIEFOIRRE, 723K, R KEH R EOFHRHFERT D,
PR L 722, DNA, g, BAfERICoEE L. (RIRRATFT 2D,

DNA BREN D = ) Z A V0 7 R OBSIRER OV o TNV a5l T 5, £ TOFIE
1% 1S09001-2008 (Z#EHL L. LIMS (Laboratory Information Management System) T4 Fi
T 5,

T U H BIRATIEY T K LT DNA BT 24T 5, 24 7 AEFIRE (100 1) |
SNP 7 —% (2 77fF). NMR 2 ZARm—2A « 7 —4 (177 1,000 {) ZAF5ERICZB
LCWa (HFT : http://www.ncbi.nlm.nih.gov/pubmed/24518929.
http://www.geenivaramu.ee/en/access-biopank/data-access)

BEE (BAOO 5%) OFMRHINATE = A =7 N0 OFEEBI A & k35 & |
ZHEDOENANO LY 20 EOMERmNRH D, £, KR - L2 @ETIE. A0
IR LY B DO IPNEFEREIEN TS E VST EWNIH A0, BB R AR D
B E KERWT =X Lo TN D,

B ORE

PG s eilehid, BIToREICH %,

52,000 |2} SMEFHE DO 120 TEO T Y a— KRG LT\ 5,

DNA. ififff, HMmERITRIRER T/ SN U 7 ITRFEL TV D, e A Ek
X, FEITREIZED L TV, 2ok, IEMADY 7 =& Moxf L TiE, —
H 1Z 500~600 FELL FOEY tH L2725 L 5 ITHIFRZ 3T T b, —J7, DNA 7k}
IZHOWTITEY LA HEME L TE Y, — HIZHRIK T 5000 FEOEY H LN A[HET
H b,
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X 5-16 frRiFX > 7
(HPT @ GhEERIC

4) HHORM

INA TN L) BESE - EIRASOISHIZEE L TILL T ORBLUZ H

® DNAGUEHZIBIL Tid, 141 mom#wjaixb%xffwé ﬁf . B
DHT—HDY VT AINRELRoTETEBY U7 ZA D35 @2#7—§T®
Rt L e o T D,

O NAFNRUTIX, T AT - ER AR ET AR LML LU GEE LTV 5, ik
B HEEIX, 7 7 A IROGITEAT 5 2 & Th b, BEILT ) LEFIZHL
TRILDREWA, RBEILS ) LERD TP BB THRICE D ON RN EEZ TEHEY |
AT 4 TEEETOHRWVIRILTH D,

® eHealthix, 7VHXNLT —hATOHEEEZRZL TS, EFET—ZIZZNETOM
NDIRERE ERBGR STV D728, TV E TORER % SIIXIT) (Helicopter view)
ICHETE L L9 >oTn D,

5 AV I74—LbkatEUH

ABHEALIC T A B A v 7 — L Rar b hOEMAIILLTFO®EY & 7> T b,
@ T XR=T AD T0%NBNAZ N TITBITDHT 7 LR E R L 05, BERIZ—
AN K FZ2IEFIEFL TR Y . RFEOIFENIZ DWW TISFFR E, E 2 BUMME
NT =X EFTHT 52 EICRKRERBEPUBIIR L. T T AN — X0 HIFFER Y AT A
OFMEM: « BEOFICEALEH D L9 Th D,
® bt MEETHIE (HGRA) 121X, AEMEAEL (Biomaterial) OFR(FIZEIL THEE T
LT EBRPFEENTWD, A7 M7 U REHIZIE, UTO LD RFEEIH D,
v OFHEENSOF T KT T b
v BAE#ENSOE T NT T
v REMRENSDOA T NT TR, L
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6) B FIREHERDIRA

AR AR R OB INE ~DIRFN BT 5 R & L FIRT,

O NAFNUIIEEFEEINTODREHIR L TOBIE A REMB RO ZRBL XD
ELTWA, ERIT. Ax D AHERZREL TV,

® BIEETIZ2 DY 7 AT &£l L=, ZD7en2id, 2,500 tFoET s v — A
it &, 2,500 HEDLS ) MMENIBNEEZNT WD, 7 DMENTOFERZ/D L3R L
R L HELTND,

® 50,000 D7 ) AEMTHTET LT2fh, T SNP ZFIH L ThH V Sii-EEEED
VAT FRT NIV XLAORBIZETLL Y & LTS, BRIICIE, mIREMRM L
B, 2 BUBEIRIG, FENREZe ECTh D, TDOHE. VAT DB D 7 N—T 0 EAL 20%
~ORRAEREF ORI % BT 5 T ETH 5, 50,000 ADBFIZx L, MRAFEROIRA
Zxt LBET 5 2 & 7D, BEICITMLRWTWOHER L H DD T, b BET
DLMLED DD,

o HTRAEMEOEMCHT LN (FZTHREIE L, Fo7 L —7Icx L THERE
ELTWLS D) IZ20WTIEL, 2D EE - (REFIICHE 2160 K 9 & LT 5,

0 HTRHRAEOEIL, BWHIRE L TTIER<, RRFEOEERELE (Clinical
decision support) 179 72 DIFHR E LT, 23020 DT EIZIRAT 25 M TE 2 TV
D

) EEHOHRE

Hi{E. Estonian Biobank 23tV fHLA TV D98 %E LU FICHIZE9 5,

o ITEIHENSC, HAx DOIEFCT A 7 AX A NVOBREZ BT 57027 bR3dH Y
1000 NZERIGUT T A 7 A X A )V 1550 T L ITBHR L T 5, IEIREERT 2 HEHI 925 7=
WICAY— T+ EZFHALTED | BREECHE NS — 0 R i~ 57-0lc, B4
EICET 27— a3 L T\ D,

® Social Genetic & Developmental Psychiatry, King's College London OfTEI&{&F#H T
% Robert Plomin & & &2, EIsF & 1Q ORENMEIC SOV THIFEEIT> T\ 5D,

® X =7, EUDOBFEHIN - A X—3 3 VBERTH D Horizon 2020 DBpk % 5
T, ABHEERE DML T &H % “Rise in Scientific Excellence and Collaboration for
Implmenting Personalized Medicine in Estonia”(ZHt W LA TV AP, =X h=7%, =
A AP —Y U XKRFEHRES ) I 7 A% — (UNIL-CIG) &7 42T RO~V
X RFGFIEFES (UH-FIMM) &0 LT, ERIMBERICEIRT 5 7 v 7
T LI A TN D,

® KA L1 Broad Institute & KFEHMA—H—L L HIT, maL AT B —/LIIEIC
BE3- 5 WF9E % A TIT - T b,

183 http://epermed.ut.ee/introduction
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6. F&H

AFHETIZ, 7/ LEFRIZET 2 EREMF TR0 IR 2 KHUIZAT > TO D KREZ LI,
EFH R H A L L 5 & LW 3EE | [ENDERR S AT MBS A % A
BIGDTNDE T T A MENID ZIERH LT LSS - [ERE D 747 REUT R
=7 ZE L, FEANE - 58 - A% OGS T o RA N Lo, UL TR ICHHERS
REF LD,

6.1 FEODIKR

[CK[E]

® CSER *° eMERGE D RKBURRFEFNE T v =7 MW T 7 U =y —r v
AREA TNVTIER Z Ehi T 5 72 03T AN e84 7 7L L B A A,
WFIESINE & Al & OBIRMESS, EFRRIFIZ OV TOMIEHIT-> TN D,

® FEHAOREFIANIE L TIX ACMG 2356 DFE{ T Bk D U A MEREL TV 5D,
— 7T, BE B PIRE &5 FiPH 2RI TEEZR My46 <0, JERCBEE H A B H
L7 v 7 r— K75 MyGene2 ® L 9 72, HBFFERAL FIEORRRIZ AT 72 BHL 21T
S>TW5D,

® CSER X° eMERGE D KHIBHIFE T v ¥ = 7 N & THFICHED | [FIRFIC AR & ekt
9% 728\ Coordinating Center & FREI 2 REMPIN T 0¥ =7 FOEE 21T, 7
77 4 > 7 (NHGRI) 1% Coordinating Center (2% D 7= D& 4 A L9 5,

® [HIREDT- DDA LT T (=7 P—FDEESHEY YV —A AM) ZWF5EHL
FUCER I T, 7 LRI 0D 2 A R OFEIETE T Tre < figFTFE RO 1A L -
HEHE(L 2 [} > TV 5, K[ETIEL, Washington University, Baylor College of Medicine,
Broad Institute 7% 3 KH#LF & 72> T %,

® NCI L, [HFHRIEBIIO DD 2R a XA 2L, a2 =T 4285557/
DFRMT D IRKBUERAT « SE W) b - L2 KD 72012, a2 =7 1 Ofkx 72 A
UN=DEIRSEHTE D7 70 FREOHEZHED TV D,

® i aIa=7 4Ll T, XIVKHHRT X THREITIOIC, T—F =TV
V7 MDD TS, NCBI X, dbGaP <° ClinVar & \WoieT—H =7 U v 7 HED
el - HE 21T > TV D,

® ) ARNTHAINOMER LT LT — 2 OFNERH O N BN DT/ A RIE
BT D RETDED BTV D, KETITEITE, A OBEEHREEICRED D E720k
FRHNZIZ, HIPAA, Americans with Disability Act, GINA, Affordable Care Act %723 %
5o Flo. 77 NEHROMZERIAICE LT, HH2EmERICRE 3 28 T&H 5 Common
Rule DSEREMRFTL TV 5,

® HudsonAlpha @ & 9 722 FEE MRS 7 AWFFRICHLD A T b HiSeq X ZRA L,
WMEa X 2 =7 4T LTT ) AR —E R Z21To T D, £lo, &7/ LESIR
BN IS W= OHEESS, TTRICHT 2 HF - BREREFEZ1T-> T 5,
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® ) ARHTHLS A I SRR ZE B2 ekt B & LT fRIT N A 7T A v DB 3 i
{TLTW5, F£7=. HudsonAlpha i%, M H 2, Edico Genome #:> DRAGEN % fHAxiA
PIZIRIT A 75 A » DF3E 2D TV 5,

(R ]
® i[E TL,[HE /2 TH D Genomics England A3 100,000 Genomes Project z 1D CTUN 5,
Z OERAEFNITRMEES & ENL TV D, BFREIE lumina #EA3RHEAIZHE S Z
EERIFILD, T AT —RIZKT BT )T a N EROEENRSE LTV S,
FEMIZ, BMAEICHWSEEE T A FOEREZED TV 5,
® EMBL-EBI X, WINZHFLE LT =42 =7V U 7 HMETH D EGA ZiEE LTV
Do 7 DRSS B ERE 72 1 2 HEE T D GAAGH OBRINIZ 81T D31 A A
THXT 47 RY =R Lo - A AHET D ELIXIR IZHEE LT 5,
® T T AT, INCa DEEIZED , BACKTHBEFRENERLTWD, 77
VAL TICRIET HMRICB W TEEB AV v ) v T EE SO T RAE RS 2 A L
TW2%, Inserm 2390 & 72 V) | Precision Medicine, Genomics England @ 7 7 > A ik &
BERETHRTHY . ZhCmiF=Hii- 282 st s Tnd,
& T TV RNIIBITDOINAAN T OFE BT ANA AN TIEITEDSN TN D,
EDNRA FN TR R U AN T IRIZESWTER I TWAH T8, 7K -
T — 2 OIERICEET A RIEONEEITLE > T O AL AR T icbizb 2
R— b OWF L ARETH D, 1272 L, WBERIC I IT DEF INVT VAT LDOENITHR
E & L TiE»> Tu 5, Auria Biobank |, BC Platforms #ED Y 7 k7 = 7 v A7 A% H
W, BN ID WZERIR T — & A TEER L T 5,
® T X hL=71(X, e-Estonia &M DEENL TEFBUIF) y—EXZERIZR LT
AL TV D, BIEESEOY 72 AT A TH D e-Health |2 L > T, [EFEIFHROEEN
ARE L 725 T D, 1999 4RIZHIE Sz b MBI FAFSEEE (HGRA) 723, /34 A3
VB DL 75T D, F£72. University of Tartu {2 & 5 Estonian Biobank (%, 4
B A AN T OB SE LTS ) DR ORE R A RS INE R ENT 5
THRFTL T 5,

6.2 HEDKREBFEAT

7 BEFRICIE, R T R E LU T D, T — A FTICBE LT, EEET
TY ) MR EW AT 256 TR0 RE Z &m0 LV THRTO20ER B D, Bl
FIPE O AT Uit T30 FEEFHI FTRE AR Bl 5k & W o 72 S EIZ B D S MERE
M E LR TWD, ENETENT OIS, Y 7 b =7 (V=R V=Vl ARs
ORI A T T A ) RSB U, 7 — X fRNT OFGEE R | - BERENLIR 2 8 2 B
b5, T, N—Ku =T « V7 MY =7 OB W TEIIITESR Lo, ZOR
RO RIIFET 272D T FIROERECHR OREIC L > ThbiEE 2 hr—b
THUEND D,
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T =B RATIC L > THROLNTZANY 7 v MCBT 2 MO BHRICE L TiE, 2 ORI 725
AT 2, FERE MR R (CRIETR) 25 OBIE RIS R ORI E S
BESCMRESINE ~ORNEBUETH D, FEOERE - JFEHEN FATRICT ) AERE
FEid D LT, 7 DR T T A N2 EADAN « FHEOBIL, s T-fRfris R o
WENZKIT DA « FHEOFEH (Hh2 - SUERER 72 &) 2O TRFTLTWD, £,
FENCHB DT BB O E B HEFIC AN LN S EOXE 2 ED LS & LTS,
ZOREITIT., EFEFZEIC L > THRONTHBEASE DMK EZEHAL LY E LT,

7 MEROFERIZSH - > T EEEEREMED BT 2 0ER O 5,7 ) LEFRITIE,
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