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The first human genome Genomics .
sequence

» 26t June 2000 - Cost $3.2 hillion

- 100,000 Genomes at Millennium Prices - Cost $320
trillion
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The 100,000 Genomes Project ~ Somiss.

Announced by the former Prime Minister in December 2012 —
An Olympic Legacy

Announced by the former Prime Minister in December 2012;
Genomics England formally launched by then Secretary of State for
Health in speech during NHS 65 Anniversary Celebrations, July 2013

CMO’s Generation Genome and the Life Sciences report in 2017

Emng[and Commissioning of new NHS Genomic Medicine Service October 2018

Reached goal of sequencing 100,000 genomes in December 2018

07 October 2020
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Recommended targets

* 2013 - Professor Dame Sally Davies (CMO) established a
Strategic Priorities Working Group for the Project - chaired
by Professor David Lomas (UCL)

* Recommended rare diseases, certain cancers, and infections

* Areas where they believe the introduction of genomic
technology will have the greatest benefit for patient health
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100,000 genomes project
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Announced end 2012; Genomics England created 2013

* Primarily a treatment project
* NHS transformation project

* All whole genome sequencing (clinical grade >30x)
* Rare disease (3 genomes: affected individual and parent)
* Cancer (2 genomes: normal tissue/tumour tissue)

* Mission
* Improve Health of individual NHS patients

* Create legacy of infrastructure,
human capacity and capability in NHS

* Stimulate wealth generation in the Economy
* Enable large scale genomics research



100,000 genomes project ook B

Three phases towards sustainability

* Pilot (2014)
* Through Biomedical Research Centres

* Main Programme (2015-2018)
* Through Genome Medicine Centres

* NHS Genome Medicine Service (2018-)

* Through NHS testing directory:
National Genomic Information Service (NGIS);
Genome Laboratory Hubs

Result: sustainable framework for genomic medicine
embedded in NHS for clinical care and research
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NHS Genomic Medicine Centres

* 13 Genomic Medicine
Centres covering England

* Joined by NHS in
Scotland, Northern
Ireland and Wales

* Responsibilities:
* identifying and recruiting
participants

* clinical care following
results
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@ Lead organisation

North East and North
Cumbria NHS GMC

North West Coast
SRR East of England
NHS GMC
West Midlands
NHS GMC
Wales GMC
North Thames
West of England NHS GMC
NHS GMC
Wi
N:;Sg\/lc South London
South West Oxford NHS GMC
NHS GMC NHS GMC West London

NHS GMC
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What are we telling Genomice,

participants?

¢ |nfqrmati0n abOUt d Types of potential feedback to participants
patient’s main
condition

* Information about
additional ‘serious
and actionable’
conditions (optional)

* Carrier status for non
Main findings Additional findings Carrier status
aff.e CtEd pa. re nts Of All participants agree to receive Participants can opt in to receive Eligible adults can opt in to
Its ab h i diti i find hei i f
children with rare o ey oot fesdbackon  eection of nown e
clinical significance

d |Sea Se (O pt I ona | ) Image courtesy of Health Education England



Patient involvement - the National Genomics -
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Participant Panel P

soannennce,
(L] ELLL b

Role of the Panel is to ensure the interests of participants are always

at the centre of the 100,000 Genomes Project.

They do this by:

* Making sure experiences of participants are at the heart of the
project

* Responding to feedback.

* Overseeing who should have access to participant data

Access  GeCIP Board Ethics TID] ™ 100,000 Genomes eroject [T}

Review Advisory

Committee Committee Are you taking part in the 100,000 Genomes Project?

Genomics England is looking for
participants to be part of the national

L e Nl L Y 100,000 Genomes Project Participant
. . | L ' TR LA Panel.
Participants gl W
N r ! b} The role of the Panel is to ensure that the
‘ | 4 interests of participants are always at the
‘Ol v 2

centre of the 100,000 Genomes Project.

They will make sure that the experiences

of participants are improved, respond to

feedback and oversee who should have
access to participant data.

07 October 2020
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Scalable rare disease diagnostics cenomics
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Reporting back to the NHS

arendon  Log out

Interpretation Portal  reviewCases

Ready to Dispatch To be Reviewed To be Closed Archived Cases

18 cases

Show Following Cases: Rare Disease Cancer
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https://cipapi-test.gel.zone/interpretationportal/#/cases/ready_to_dispatch

Progress to date (100,000 Genomics

Figures as at 06/09/2019 england @

Genomes Project) =

B | cenomes [l anaiysis and Resuts

M 1221941 XXX @ Results for 98)056

Samples collected 116’268

and received at the
UK Biocentre

genomes sent to NHS GMCs
Genomes sequenced }

. Equivalent to 28’047
36,868 cancer 32,720 cancer cancer genomes and

? 70 009 rare disease
Al 86073 83,548 ’
disease rare disease
rare e 20-25% actionable findings for

Rare Disease

~ 50% cancer cases contain

potential for a therapy or a trial

.|.406 in our report
/ genomes
since last month
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Genomics England Clinical Interpretation Partnership in numbers
(As of 17t July 2020) Genomics |

england S

1 GeCIP launched in June 2014 ===~
] @ Wellcome Trust

W 3388 researchers world-wide

4 3] resgistered research projects

131 Project publications

24 Successful grant applications
£28.9 Million total awarded

institutions with

175 signed Participation

Agreement

researchers with
1089 access to data

07 October 2020




GeCIP Research Portal Genomics ==
https://research.genomicsengland.co.uk

# ‘ Research Registry ~ | Useful links ~ ‘ News Help ~ ‘ Q ‘ Sign in

Research Portal

= Quick links

Welcome to the Genomics E—
England Research Portal (s o

From here you can track your application to join the
GeCIP or access the 100,000 Genomes Project data. As a @ Change/Reset your password
GeCIP or Discovery Forum member you will be able to

browse and submit projects in the Research

Registry, manage your contact details and access our

other spaces such as the IG Training and Research

Environment.

GeCIP members can:

* Track their application to join GeCIP domains, whether they have had their affiliation verified by
their institution, and whether they have access to the Research Environment

* Submit research projects to the Research Registry

* View full details of projects in the Research Registry

* Access the Information Governance Training and Research Environment

e View and edit their account details

GeCIP domain leads can:

* Manage applications to their GeCIP domain
* See and manage their current domain members

07 October 2020




at a glance
Genomes (BAM —
and VCF) in —
Isilon share Jenomes

Clinical data

in LabKey

X
Confluence

* data release notes
e user guides

* airlock

* live issues

Tools and analysis

Virtual desktop
interface provides GUI
and security

2

3

LibreOffice for
document editing

R and Rstudio for data
analysis

Internet browser:
access to whitelisted

sites

Command-line tools
and HPC cluster for
large-scale analysis

Collaboration

neuroclogy

shared_allGeCIP

Domain-specific and shared
storage for files

Social media
platform for
communication

Research registry:

* promote
collaboration

e enforce publication
moratorium
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Data in our Research Environment  Genomics £,

10h release: September 2020 -

89,256 participants
* 17,339 Cancer
* 71,800 Rare Disease

111,232 genomes

* 37,224 Cancer
* 74,008 Rare Disease

* Hospital Episode Statistics (HES)  Office for National Statistics (ONS) — mortality data
Seconda ry * Patient Reported Outcome Measures (PROMs) and cancer flagging
data * Mental Health Services Data Set (MHSDS) * COVID-19 diagnosis data for 100,000 Genomes
* Uncurated SACT (chemotherapy) data Project participants

* 33,827 families with Tier 1, 2 and 3 variants
from interpretation pipeline

COVID-19 diagnosis data

CI|n|caIIy « 20.032 families with GMC exit Quick * Real time uncurated SACT data
. e ) . * Aggregated gVCF dataset
mterpreted questionnaires VIEW * de novo variant dataset for
data & QC * 61,138 tiered and quality checked rare tables 13,836 trios

disease genomes; 31,590 quality checked
cancer genomes

PHE Mental health data

Awaiting — Primary Care, Prescribing Data

07 October 2020
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Hospital Episodes delving deeper 1997-2005 ® = Cancer
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Opportunities for GeCIPs
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* Interpret cases where CIPs (Clinical Interpretation
Providers) currently fail

* Develop clinical applications against stored WGS
* Phamacogenics; Polygenic Risk Scores

* Improved interpretation algorithms
* machine learning; artificial intelligence
* using whole genome; predicting variable penetrance

* Experimental investigation of function of variants
* Is it really the cause? How does it function?

19 August 2015
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Bioinformatics / Analysis

Lots of progress still required

* Better alternatives to current reference genome

* Graph genomes, incorporating all human haplotypic
variation

* Better ways to handle large numbers of WGS, VCF
* GEL using OpenCGA (Hadoop), Hail (spark)

* Better interpretation algorithms
* Non coding variants, SVs, CNVs, Variable penetrance etc.

* Better sequencing technology
* Long reads



The Discovery Forum
A driver of translational research

Business value

Discovery Forum

Industry
Stakeholders

Research
Environment

uoIsIdaid

Genomic
dataset
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Genomics England
Stakeholders
jJuswdo|anap

Health service
Stakeholders

Genomics

england @
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Exploring the business value
of genomic medicine data.

Connecting industry
stakeholders to the Genomics
England community.

Providing a gateway to our
Research Environment and
dataset.

Leading to discovery and
development of precision
methods, diagnostics, and
therapeutics.



The 100,000 Genomes Project in numbers
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Over 100,000 genomes

Over 97,000 patients and family
members

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

13 Genomic Medicine Centres, and

98 NHSs Trusts within them were
involved in recruiting participants

Around 5,000 NHS staff
(doctors, nurses, pathologists,
laboratory staff, genetic counsellors)

Over 3,000 researchers and
trainees

Genomics =-.
england '-:-
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5 million genomes aspiration Genomics

announced in October 2018 :

On the 2nd October, Matt Hancock the Secretary of State for Health and Social
Care, announced an ambitious vision for genomic healthcare in the UK...

“ Expansion of the 100,000 Genomes Project to one million
whole genomes sequenced by NHSE and UK Biobank in the
next five years ’ ’

‘ ‘ From 2019, the NHS will offer whole genome analysis for all
seriously ill children with a suspected genetic disorder,
including those with cancer. The NHS will also offer the same
for all adults suffering from certain rare diseases or hard to
treat cancers ”

“ An aspiration to sequence 5 million genomes in the UK within
the next five-year years




The strategic aspiration: 5 million genomes over 5 Genomics
years aspiration is system wide s==Z:

NHS

England

biobank’

england ¢

500,000 whole genomes through the Genomic Medicine Service
Plus up to 1.5 million through other genomic tests

500,000 whole genomes through upgrade of UK Biobank
sequencing

Whole genome sequencing of strategic cohorts focusing on unmet
needs and long term value to the healthcare system

Evaluating the benefits of whole genome sequencing of newborns

1 million+ accelerated detection of disease cohort

07 October 2020



NHS

National Engla nd
Genomic Medicine Service

National Test Directory , w National Laboratory Network I s Led
Genomic Medicine Centres c .« Laboratorv Hubs - 7 hub _
300,000 Tests reviewed oroviding care enomic Laboratory Hubs - /7 nUbS [ Genomics England Led
L doing single gene, panels, clinical

25% upgraded to new (continue till 2021) exome

technologies

22 categories of rare disease UK Genomics

i ST e ES Knm?ledgeb.ase Wholtf Genom.e Clinical I.nterpretatlon

Informatics architecture Sequencing Provider Pipeline
Many more edge cases in & data store

cancer

Industry/ academic/ international
Workforce development partnerships

upskilling of existing staff supporting ongoing research &
developmentthrough clinical care

Annual Test Directory
Review

Pharmacogenetics

500,000 whole genomes sequenced from the NHS in the next 5 years
*  QOffered consent for research

* Longitudinal Life Course
*  Recallfor research
* International researchers and industry
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National Genomics Informatics System

Find Patients, explore and order tests

Cystic renal disease

Genomic Medicine Service
T ) Clinical Indication + Rare and inherited Disease * R193

Patient PANTONY, LEANDRA (MISS) Born 12-Sep-2008 (10y 4m) Gender Female Patient ID 9449308764

Add information in any order

° Patient details ']

° Requesting organisation

Eligibility Criteria Test Package Further Info Order process

Build a pedigree

Use the tool below to add more detail to the pedigree which has been crealed from the answers you have provided

Dunde CRedo ofResat | BPrint | v Save LExport | Test Requast 1D: r19-228 | NGIS Editer Based on Version: v1.6.5

0
Who to test Cystic renal disease

. Test package +
) 9 e 4

i) You can drag and drop all irems from the x

o Responsible clinician a bt L I B
1. Patients with non-syndromic cystic renal disease (excluding acquired cystic . - R
disease due to chronic or end stage kidney disease) which is EITHER ° Clinical questions NO SPECIFIC DISORDER o (2cases) |
2. Clinically not characteristic of ADPKD and underlying diagnosis is required for VEADE BARDINI
management purposes, OR @ Family members [nhs:94£6302085] N
3. Clinically symptomatic disease presenting before the age of 18, OR GBI Fhendtypes _ —
4. Clinical diagnosis of ADPKD where a genetic diagnosis is required to influence @ Panels S:::.::::r:ft::,u:’ ::,. .

management Abnormality of the fontanelles or

cranial sutures 1 case)
Ectopic kidney (1 case]

QOverlapping conditions:

+ R27 Congenital malformation and dysmorphism syndromes - likely monogenic

Intellectual disability, severe 2 cases)

7 Intellectual disability, maderate
or R89 Ultra-rare and atypical monogenic disorders tests should be used in | @ Padigres LEANDRA PANTONY saas)
L . . . s 5445308764) Holoprosancaphaly (1 cas4
individuals with congenital malformations, dysmorphism or other complex or ugs:'mm‘mé.s

syndromic presentations
Referrals for testing will be triaged by the Genomic Laboratory; testing should be

targeted at those where a genetic or genomic diagnosis will guide management for
the proband or family.

NHS Genomics £

england
England o

! m Geng_n;i_ig;

England

Seizures (1 case)

Postaxial hand palydactyly (1 case



GenOMACC CoG-UK Covid-19 Human Whole Genome Programme

ISARIC- GmOM CC. NHS Framework 70+ Intensive Care Units A%
Severely Il COVID-19 Patients - pL,bHC Health
Consented via an app, on admission or deferred consent England

Dedicated human sampling or Unused routine samples (EDTA, plasma, serum)

Liverpool, Glasgow, & Genomics England Trusted m
Edinburgh Centres/ NHS GLHs Research Environment Digital
DNA & multi-omics Identifiable - NHS access only

Primary Care
Hospital episodes
Other registries
Mortality data

Repository eImmunodeficiency diagnosis

De-identified-Researcher access

: eBaseline Clinical Data :
Sequencing Centre ' Genomics = Patient entry
Wellcome Trust £27m eLife-course datasets
. : eLinked whole genomes .
lllumina Partnership g Intensive Care

eOther omics data
100,000 Genomes WGS Dataset
e Analytical Tools

(ICNARC) Registry

Fire wall
Individual level data stays in safe haven

Only summary
results pass outside
For publication

ISARIC/GenOMMIC, National & International academics & industry

Extant coalition of 3600 researchers from 33 countries, , 2=

HDRUK : Genomics ==
industry =i,

Health Data Research UK


file:///upload.wikimedia.org/wikipedia/commons/0/0b/NHS-logo.jpg
http://www.genomicsengland.co.uk/
http://www.genomicsengland.co.uk/
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Research Environment
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Research Environment
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Research Environment

NHS Firewall s=S==°

GEL Public| User

Cloud sub- Apps for

Research Analysis

| |
|
|
|
|
Tenancy |tenancy 1
Data Centre k [
r \ Y|
o I Researcher
Apps for Clinical — High performance |Appsfor | | LN (0| S
Decision Support Compute (HPC) Research Analysis : Airlock Connects
- A — : Import: Tools via a web
1| External data browser
|
|
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Research Environment evolution

Genomics

england @

Existing Research Environment _

Data Asset: 100,000 Genomes Project

>108,000

genomes

from >87,000

participants
Research Environment v1.0

>3,300 academic
researchers,

175 institutions in
Genomics England Clinical
Interpretation
Partnerships (GeCIPs)

20-25% actionable findings for Rare
DINEN

~50% Cancer cases with potential for
therapy or trial

Data Assets: 100,000 Genomes Project

and COVID-19
Additional
35,000

genomes from
severe and mildly

Ge@Ql\/JlCc affected COVID-

19 +ve individuals

Newly established COVID-RE in
partnership with AWS and Lifebit

aws 7 ifebit

Collaborative academic
and commercial COVID-
19 Consortium

07 October 2020



Expanding health data sets
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A new national Institute for health “’:HDRUK
data science

History: Launched in April 2018 with selection of six initial sites

Mission: make game-changing improvements in the health of patients
and populations through research and innovation.

How: Apply cutting-edge data science approaches to clinical, biological,
genomic and other multi-dimensional health data to address the most
pressing health research challenges facing the public

Funding: Medical Research Council, the British Heart Foundation, the
National Institute for Health Research, the Economic and Social
Research Council, the Engineering and Physical Sciences Research
Council, Health and Care Research Wales, Health and Social Care
Research and Development Division (Public Health Agency, Northern
Ireland), Chief Scientist Office of the Scottish Government Health and

Social Care Directorates, and Wellcome.
https://www.hdruk.ac.uk/

m Public Health INHS| w
i Agency National Institute for
Research and Development Health Research wellcome

. @ it EPSRC
OFFICE .




HDR UK triple aim

SHDRUK

Health Data Research UK

L Training the next UK wide expert
Scientific programmes . !
generation research data services

Integration of data
science with
biomedical and health
science expertise to
perform ground-
breaking research,
with an initial focus on
data analytics,
precision medicine,
215t century clinical
trials and modernising
public health.

To develop novel
approaches to
research training and
mentorship to foster a
cadre of health data
science researchers,
on a substantial scale.

Development and
delivery of cutting-
edge technologies and
trusted research
platforms that
acquire, store,
represent, and process
large, multi-
dimensional research
data.

Trustworthy use of data

We will work in partnership with the public, funders, social scientists and legal/ethical experts to
champion the trustworthy use of data.




Infrastructure:

Uniting the UK’s health data

&

UK HEALTH DATA
RESEARCH ALLIANCE

Uniting the UK’s health data

NHS DATA

Current members include

oS | NHS
England SCOTLAND
. 8
England

COHORT, TRIALS AND REGISTRY DATA

Current members include

il

PATIENTS

TRUSTWORTHY USE OF DATA

DIGITAL INNOVATION HEALTH DATA RESEARCH
HUBS INNOVATION GATEWAY

Curating disease focused datasets and
providing clinical trials and real
world evidence services

Finding and accessing nationally
aggregated, usable data

DISCOVER

DE-IDENTIFY

LINK

ACCESS

ANALYSE

PHENOTYPE LIBRARY

LINKTO TRUSTED
RESEARCH
ENVIRONMENTS
(SAFE HAVENS)

Operated by

PATIENT AND PUBLIC BENEFIT

#HDRUK

mm
USERS:
Researchers,
Industry, NHS,

Charities and
Government

Health Data Research UK
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UK Health Data

L 2

About Members Work News & Events
R ||
iy

We are an alliance of leading healthcare and
research organisations united to establish
best practice for the ethical use of UK health
data for research at scale

What is the UK Health Data Research Alliance?

By combining expertise and a shared commitment to work collaboratively, the Alliance
helps researchers to answer some of the most difficult questions and address the most
important health challenges faced in the UK. The Alliance is convened by Health Data
Research UK.

https://ukhealthdata.org



Heath Data Research
Innovation Gateway

COVID-19 Health Data Research UK is mobilising teams across the UK and championing the use of data to respond to COVID-19

About Community COVID-19

Health Data Research >
Innovation Gateway

Explore datasets, tools and resources used in

health research across the UK

AllDatasets § Alltools ] AllCourses | COVID-19

m This is a new service. Your feedback will help us improve it.

313 497 105 20 6,475

registered users datasets access requests tools searches in last

month
18 Sep 2020
- Gateway Open Door - Thursday 25 September
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Latest news

14 Sep 2020
Eight new datasets available on the Gateway

SHDRUK

Health Data Research UK

Read more

Collections ¥ Signin | Sign up

https://www.healthdatagateway.org



Research Environments for 100,000 genomes project HDRUK
as a Trusted Research Environment Health Data Research UK
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Next steps on the journey to Trusted S g s st
Research Environments

31 July 2020

Share thispage ] W
The UK Health Data Research Alliance Board agreed to move beyond the ‘Green Paper’
phase of the Trusted Research Environment (TRE) programme at its meeting on 23 July

2020.

We are now pleased to publish our updated paper which is the result of a collaborative

community effort. There was agreement in the concept and an aspiration to work towards
TREs in the future, but also understandable concerns regarding how quickly TREs can meet
different researchers’ needs.

We are now entering the more detailed design and delivery work set out in the next steps
of the paper. The six areas identified for further work cover:

https://ukhealthdata.org/news/next-steps-on-the-journey-to-trusted-research-environments/



Summary

* 100,000 Genomes Project completed

* 1 million whole genomes in 5 years
* 500,000 NHS Genome Medicine Service
* 500,000 UK Biobank Cohort

* GeCIP and Discovery Forum research activity

* COVID response
» 35,000 whole genomes of affected individuals
e COVID Research Environment, leveraging public cloud

* Health Data Research UK
UK HDR Alliance & Innovation gateway

* Genomics England Research Environment template for Trusted Research
Environments
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