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Genomics enters healthcare

In 2017 active genomic medicine programmes are already
underway in many ccuntries. Fintand, the UK, the US, and
Australia are a few examples
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Seven clinical sites, a coordinating center

Undiagnosed Diseases Network ..o on sequencing cores

o2 .
& - Medical College ? . Harvard Teaching

Undiagnosed
Diseases Network

Clinical site |
The NIH site will continue to enroll about 150 patients per year, each of the clinical sites will

Coordinating center
ultimately enroll about 50 patients per year,

DNA sequencing oone
Boston Chikdnen's Hospitad, Srigham and Women's Hospital ard Massachusetts General Hospital participate jointly in ibwe Harvard Center for infegrated Approaches to Undiagraosed I:ll';urm:4

Laboratories Researchers

Patients Clinician
TP - O E CLTELIE e » B -

Sharing Genetic and Health Data

++++++++++

ClinGen’s Critical Questions

s this gene : : Is this
associated with Iscgﬂga‘{[?\:gt information
a disease? ' actionable?
Clinical Validiity Pathogenicity Clinical Utility
Building a Genomic Knowledge Base
Clinvar & Other Resources TN
L

i i i I\#Qﬂ_‘za‘“ﬁﬁ Chn(;em
' Improved Patient Care ... f
i Through Genomic Medicine
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G EM Japan workshop
March 18 - 21, 2019 in Sendai
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Data Shurlng for Promotion of Genome Based Medicine
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RERR

1] AR
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;% SorAteee  Clinical & Phenotypic Data Capture
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BFHOILT

2BBERABDBREDT (DT /9 EOFPITVUXL)

--merge r'uinﬂ-'ork 1CD 9 codes i:.m- of the thi
Diabetes [I with other coma 250.30
PheKB J 2s0%

[ re————— Diabetes [I with hyperosmolarity 250.20
Artovering phant yoes fram 250.22

ST IFOMIC Al L -
Diabetes [l with unspecified complication 230.90

| | 250.92
Diabetes [I with other unspecified manifestation 250,80
| 250.82

Diabetes [ with peripheral circulatory disorder 250.70
| 250.72

Diabetes I with neurological manifestations 250.60
| 250.62

Diabetes II with opthalamic manifestations 250.50
| 250.52

Diabetes [1 with renal manifestations 250.40
| 250.42

Diabetes [ without mention of complication 250.00
250,02

AND
Labs (at least one of all of the below)
Glucose > 200 mg/dl
Hemoglobin Ale [HBAIC] > 6.5%
AND NOT
Non-insulin DM Medications (see above)
OR

Medications — Insulin - (any of the below)
Insulin [Humulin] [Novolin]; pramlintide [Symlin]; NFH; Ultralente; Lente; Semilente; 70/30;
75/25; Regular, protamine; Aspart, Lispro; Glargine; Detemir (levemir) 29
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Human Phenotype Ontology (HPO)

Human Phenoli:_yspe

Z ol g S

Ontology (HPO) (2 MERICHITHERIREY
®-A>hO>—

13,000 terms

Marfan Syndrome [MIM:154700]

Arachnodactyly [HP:0001166]
Ectopia lentis [HP:0001083]

156,000 annotations

= Al = Mortaliny/Aging
HPODZE P gy

£ Aggravated by Death in adolescence

¥ Ameliorated by Death in childhood

% Omaet Dwath in earty adulthood

Death in infancy

+ Pace of progression
WUMBER OF CLASSES: R & Pain characterist Neonatal death

] 3 Stillbirth
WUMBER OF IHBI¥IBUALS: 0 £ Phenctypc variabiity Budden death

+ Position
WUMBEER OF PROFERTIES: 0 F Severty = Phenotypic abnormality
WAKIMUS BEPTH: 15 # Temporal paftemn eeliiar phanotype

= & Triggened by Abnormal test result
ANIMUM NUMBER OF CHILDREN: a3 = Frequency Abnormality of blood and biood-formming tissues
Exmluded Abnormality of connective tissue
AVERAGE RUBBER OF CHILORESN: a c : Mﬂmﬂyﬂfmmm
CLASSEY WITH A TINGLE CHILD: 1056 Emlmiuw'.; Abnormality of imbs
Dccasional Abnarmality of metabolsrmhomdosiass
CLASIES WITH MONE THAM IS CHILOREN: 22 e At ty of il charvind i or birth
" Abnormadity of the breast

CLASILY: WiTH WD DEFINITION m mrm

- ERERBAERG

- =

- R

- JET/ bl

- RARRE
DRI ADIEE

Moda of inharitance

& Autcsomal dominant inharitance

Autosoma! recessive inhartance
Contiguous gene syndrome
Famiial predispogition

Multifactorial inhasitance
Somatic mutation
Sporadic

Abnormality of the cardiovascular system
Abnormality of the digestive sysiam
Abnormality of the ear

Abnarmality of the endocring System
Abnormality of the do

Abnormality of the ganitourinary systam
Abnormality of the immune systam
Abnarmality of the integument
Abnormality of the musculature
Abnormality of the nenous system
Abnormality of thi respiratony System
Abngermality of the skaletal system
Abnarrmality of the thoracic cavity
Abnormality of the voice

Constitutional sympiom

Growih abnormality

Mopiasm

B E R R RN
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E>IhEn T3, Human Phenotype Ontology (HPO) (CIRE &
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+
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i oo Bieoad thumbe 5nd o i0e exlrd Cranal Teaaes o T ByTaROm ==
| = Fropices ipropicel | o Ripanisomen frossoiem | r———
| o i |
| Propeicain | iepparisioram |

HPODFRRBEDEHBREMEF 1L —> 3 >k HHik

3z
5> T L — MC & BHPOIC L BRBRBEDA N
Genomics England
Phenotype capture
Genomics ==,
Genamics ’J{‘m ""*,\I !al:{:u: Alliance
T . e - .
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HPD o FHIR  Sesecn

Patient Info

HL7 FHIRICK DSNOMED-CTICL D I — RENTZRED 7T hh L%
HPODERRFEIRE (C R E>D

34
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L ® am [101100
DL 010110
100101
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F—YHRARKFICED

o
[I'FP FlRERNOMEEE

FT=IUA ST 120
2k, Global Alliance Cloud
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%3 . Data Use & Research Identities
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Dimta A a
Ruassmars s Commition (DAC)
Invatmution's
Srgrang (MTarin
1-4 woeks 1-2 weeks

Access: Data Use & Researcher Identities

FIFAEREE L. Data Access CommitteeDBEERET
S—A%=FHA

36
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GA4GH Passports Y Slobal Atlance

;‘ 3

GAA4GH Passport Standard
e All about sharing: transport identity and access
qualifications between organizations and environments

¢ Includes minimal Pll (Personally identifiable information)
# Standard language of claims for access decisions ﬁ
¢ Understood by variety of Data Custodians/Hosts

Passport: Controlled Access Example

o Data Owner Data Owner Pmn
a Whitelist Visa Issuer Clearinghouse
Repository Senice
Data Owner DAC service
admin
———
o = unspecified 9 = GAAGH AAl spec Researcher @ a 0 data owner
m = access tool m = workflow toal/senrdce cam.ac.uk @"‘} EEL N
8
- A . #% Global Alliance
Defining, Sharing, & Executing % for Genomics b Healt
]
Portable Workflows
Data Visiting
Workflow Repository

1 A

Workflow
Execution

Workflow
WDL CWL

o

Standards
and Tools

Workflow Packaging

ARURT—IBB LT, #FD—0J0—28iR. RT

39

54



7/ LER - PREROT — I HE EMEANOFEROEBRNLEE

3. MEDF 1L —>3a>ERE
PanelApp

— 5016 unigue genes, 19 STRs, 62 CNVs
= T T "D 221 Version 1+ panels
S e e me e for genome analysis
el 304 reviewable panels
}‘1‘:_“:““:_‘:“'.’."‘ = >12,000 gene-disease associations
— e e | EEF)SRIVRBEOZRCHRBMMO
PR it BERNRFIL -3 Ry NO—D
EE ...h.k.“x ] NA
=250 GeneA Alet  CnCeNewevidence ¥ V' New evidence
=777 ForDisease Z === A gene-disease “Should a gene be
Reclassified from Re-evaluated from added to a panel?

Amber to Green Moderate to Strong

e BREFRDSDT 1 — K/ IIC&SD
weael XimE (YL M — 5 N—ZDWEAL ©

4. DUZHANS—T 2 R7—5DiRE(LEHRT

P~ 70,000 genomes 23,000 cancar 50,000 genomes
= (patients + relatives) patients will have will pe sequenced for
o will be sequenced to thelr genoma cancer diagnosis
o™ nelp rare disease
diagnoses
e,
k)
o

"
(=) 83,000,000 123,768,000 248,000,000
M ganomes will be cancer patients will genomes will be
c socuencrd for rare have their genome sequinced far cancer
o disease diagnosis seguenced diagnosis

BRTS—OTIYAENBY ) AMBORIE 5o Seroy, sesaca Vamathonn, foer Goochanc
BioRxiv: doi.org/10.1101/203554 41
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he 100,000 Genomes Project in numbers
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Genomics =-.
england =522
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?ﬂ,{}{]{} panents and family

members

21 Petabytes of data.
1 Petabyte of music would take 2,000
years to play on an MP3 player.

13¢

35 NHS Trusts within them are

involved in recruiting participants

enomic Medicine Centres, and

1,500 nsis statf

(doctors, nurses, pathologists,
laboratory staff, penetic counseflors)

Z,SW researchers and trainees

from around the world
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DUZHINS—T 2 R5T—H DIRE(L

m EIpREREE
ISO/TC215 ERIGEEROEFIREDRE

B JA—5 LR

HL7 KEF W OERIERIHRDIZHD
EAERRRODHRTE

m B LR )

GA4GH HFEBRICHITZIT—IHEDIEHD 7%
IN—FFAEL—->3> b

3E&®DxSDO (Standards Development Organization)
[C&BDRMEEHERP

HL7 FHIR Genomics

Implementation Guidance

mBackground

mOverview

EMolecularSequence Resource
mObservation-genetics Profile
mDiagnosticReport-genetics Profile
mServiceRequest-genetics Profile

mHLA genotyping results Profile

mRelationship among MolecularSequence resource and
genetics profiles

BHL7 Domain Analysis Model Use Cases
mOther Genomics Use Cases

mClinical Genomics Apps

mAppendix 1: From DSTU2 Genomics to STU3
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DomainResource

Description & Canstraints #
Infarmation about & biological seguence

# Rusa: Qnly @ and ] are vald for cosrginadeSystom

Eloments defined in Ancestors; id, meta, imglicitRules, language, bext, comtained,
extension, modifierExbension

| ienitifier z 0.*  [dentifier Uinkgue 10 for this particular sequence. This i a FHIR-defined id
1 type I 0.1 code aa | dna | rmia
sequenceType (Required)
i coordinatesystem x 1..1 integer Base number of coordinate system [0 for O-based nembering or coordinates, inclusiee
start, exclusive end, 1 for 1-based numbering, Inclusive start, Inchisive end)
* patlent b3 1 Reference(Patient) Who andfor what this is about
F specimen x L.l Reference{Specimen) Specimen wsed for sequencing
= B device I L.l Reference{Device) The method for sequendng
B* performer I .1 Reference{Orpanization) Who should be resporsdble for test result
1 guantity I 1 Quuasnkity The number of coples of the sequence of nterest. (ANASeq)
referenceSeq I 0.1 BackboneElement A sequence used as reference
+ Rude: GenomeBuild and chromoatome mist be both candainad (F aithar ane of them
s oanflined
+ Rise: Have and only have ome of the follwing slements i refenenceSeg @ 1.
penomeBuila ; 2 referenceSeqld; 3. mferenceSeqPointer; 4. referenceSeg String;
chramasame X 0..1 CodeableConcept Chromosome contalning gemnstic finding
eRrarmadaee-Fiaman (Example)
genamsfaila I 0.1 Bhng The Genome Buitd used for referance, following GRCH build wersions eug, 'GRCh 37
oFienlation I 0l code Serse | anlisenis
erertationType (Reguired)
) referancaSaglo I Sl CodeabieConcenl Referance identifier
Erngemb| (Exasmple)
~ [ referenceSaqPointer I 0.1 ReferandeMolecularSaquence) A pointer [o another Molacularsaquence entity 83 refeérance saguence
referencaSegsiring I 0.1 Fhg A §tring 1o represent referencs Sequence
§rard I o1 fooe watson | crick
strandTypa (Reguired)
windeaSlart I 0.1 NSt St position of the window on the refenenos sequence
46
DiagnosticReport
ServiceRequest
= s
DiagnosticReport
ServiceRequest
Observation
enotype
3 i
Diplotype
Haplotype Haplotype
*358
Code: Code:
PA165816579 PA165971587
Molecular
Sequence Sequence Sequence
5:55227976 s:55227978 000
e:55227977 e:55227979
/T /T
47
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HL7 Clinical Genomics WGICH (T D&

mScenario 1: Specimen Identification

mScenario 2: Clinical Sequencing - Germline Testing

mScenario 3: Cancer Profiling — Somatic Testing

mScenario 4. Decision Making Tools — Family History and Drug
Dosage Calculators

mScenario 5: Public Health Reporting

mScenario 6: Clinical and Research Data Warehouses

mScenario 7: Cytogenetic Marker identification via sequencing

mScenario 8: Pharmacogenomics

mScenario 9: State & Regional Health Information Exchanges

mScenario 10: Human leukocyte antigen (HLA) Typing

mAdditional Use Case Scenarios
Comprehensive Pathology Report, Rare/Undiagnosed Diseases,
Preimplantation Testing, Cell-free Fetal DNA (cffDNA) Based
Noninvasive Prenatal Testing, Newborn Screening, Genetic Tests

48

ISO/TC215 SC1 Genomics Informatics

ISO/TC215 SC1DE#E(LES)

HL7 Clinical Genomics WG.

GA4GH Genomic Knowledge

Standard. Clinical & Phenotypic

Data Capturing@work stream(C

i BITBITA—-SLIRE, BEL
. DREDEPRIFAE(L

| 2019118 KEBBFw oA T E—F 124

ERNEESDNE

WTHTZT., BERDODAT—IRILSY—DENN

MISO/TC215 SCINDIEZE(LDIRRE, BEHNSOEE(LDIREDIRE

BHL7 Clinical Genomics WG, GA4GHODE#E(LEEBIDH—E &
BFONTZATALAICESITIREDRE(L
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Fig 2 The future of genomics rests on the foundation of the Human Genome Project.

Collins F, et al. A vision for the future of genomics research. Mature 2003;422:835. 50
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