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Overview

« Introduce genomics

« Introduce elements of the genomics
ecosystem in PHW and more widely
in Wales

« Introduce the Public Health
Genomics Programme and the
potential of genomics

« Introduce our emerging plans and
vision
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What is genomics?

Put simply, genomics is the branch of
biology that is concerned with studying
genomes

However, what really defines the field
Sequencing instruments read DNA, and isnt the use of sequencing instruments
by extension, enable us to read the
genome of an organism of interest

Mutations
gyrA parC  aminoglycosides

B-lactams phenicols sulphonamides
macrolides  quinolones tetracycline trimethopri

It is the data - and the type of questions
we can ask, and answer
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What can genomics do?
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organism

Unpick the
spread of the
organism in
time and
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Why Is genomics important?

High throughput = Common data types =
Faster turnaround Times Diagnostic data can be used
—— M for surveillance in real time

Organism Identification

Business Poltics Scence Health H!lﬂll‘,' & Education L =
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Wales Wales Poiitics  Wales Business = North West  Nomh East  Mid | South West S $ D
P ox Human 0.01
Welgh scientists hunt down the latest flu Mykeobe Perceriage  Median
strains o
By Owain Clarke Phylo_group  Mycobacterium_tuberculosis_complex 99.71 44
B Wniesheath comsspond Species: Mycobacterium_tuberculosis 97.94 38

Lineage: European_American 100.00 45
Sequencing Quality Mapped to: RO0000039

Resistance Summary

Total reads (~millions) Mapped % No reads mapped (~millions) Coverage — .
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= clearer tests possible

diagnostics simultaneously
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PHWs genomics journey to date

7.2021 3.2022
6.3.2020 12.2020 50,000th 200,000¢th
23.07.2018 07.01.2019 First Welsh SARS- || 20,000t SARS- | | SARS-CoV-2 SARS-CoV-2
Repatriation of Mycobacterial CoV-2 genome CoV-2 genome || genome genome
12.04.2017 HIV service service online sequenced sequenced sequenced sequenced
31.03.2016 Genomics for
NGS Precision 5.10.2018 26.06.2020
equipment Medicine First flu genome 01.08.2019 SARS-CoV-2 1.2021
arrived (3 strategy of new C. difficile service Outbreak C. difficile
MiSeqs) published surveillance parallel running support service
service service starts accredited
14.02.2018 1.10.2018 1.4.2020 10.11.2020 15.03.2021
PenGU launched Exophialia 22.01.2020 COG-UK C. difficile addition of 2
1 nanopore HIV and TB setup service NextSeqs
01.10.2016 analysis services accreditation
Generic NGS accredited visit
workflow 26.04.2018
development GridION 21.11.2018 31.03.2020 2.2022
complete installation and Enterovirus Replacement of 2 SARS-CoV-2
training D68 WGS MiSeqs with a service
NextSeq accredited
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In summary....

How its going

WCM Influenza
How it started C. difficile SARS-CoV-2
HIV WCM
Lab Bioinformatics Lab Bioinformatics Research
7 lab staff, 1x 40% FTE Health Epidemiology | Surveillance
bioinformatician Protection
2,000 samples/year 14 lab staff, 8 bioinformaticians, over 50

people involved across PHW
Capacity of 8,000+ samples/week
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The Wider Welsh context —

Genomics Partnership Wales
Established in 2017 to deliver

T the Welsh Government
%gg <Ml %:é Genomics for Precision Medicine
- i “" Strategy
i
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Q oo [AAWMGS Working to_gether to ha_rness the
s potential of genomics to

Genomics

g n improve the health, wellbeing
- and prosperity of the people of
Wales
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Welsh Government investments

e £16M investment to create a
Centre of Excellence for
Precision Medicine

* Will see co-location of human
and pathogen genomics
services, plus Cardiff
University

* Build complete, move
due in November

 Many opportunities




Genomics to enable precision public
health

Genomics potentially SECHE e D RPN
impacts most areas of
public health activity, and
we are already working
across areas and
functions

Communication

Collaboration * Cucichration

Capacity building

4

ONE HEALTH

Inclusivity, equity
and access

GPW gives us a structure,
and brings together
capacity and data

Genomics enables “the
right intervention
to the right population
at the right time”

Source, WHO:
https://www.who.int/news/item/01-12-
2021-tripartite-and-unep-support-
ohhlep-s-definition-of-one-health
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Genomics to enable precision public
health

Communication

Collaboration * Coordination

Capacity building

Everything we want to do
is also bound up in the
ONE health concept

To provide effective
public health services, we
have to understand the
interface of humans,
pathogens and the
environment . N Healthy humans

Inclusivity, equity
and access

Genomics is a key tool to
do this
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| |
B u I I n g O C S Joint Research Pandemic Preparedness

9% &5

I\’ =
s}gﬁ j.?e Wl Comet
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P~ UK Health ey World Health
« We sit at the heart of a
Agency

Health Protection
and Response

maturing genomics
ecosystem in Wales.

- Data generation and

GIG -
°§° NHS
el HsC)
Agency

All-Wales

palthogen . Public Health'*(
Water quality genomics services Scotland
(e.g. CF, HIV) UK-wide
Services

I 1 t t . d . . f : t Food, Public Health Genomics . =§° GIG
eXp OI a Ion an Slgnl Ican @ w Water and . °§°NHS N
- i Environmental GIG | lechyd Cyhoeddus
- sequencing Healthcare Sequencing for
infrastructure
" Sequencing surveillance

FAWMGS

GG
NHS

Screening
services

GIG
NHS

« Moving into a new phase,
seeing increasing adoption e

Analysis

All-Wales human
genomic

Cyi 1
Public Health ’
Wales
= / sequencing
of genomics across Wales, o £ | Y W ———
i Zr) 2k . . % nternational Collaboration
- YV ENA D s
Eurcpean Nucleotide Archive =L el et e
and increased data S = i @) s
% SAIL DATABANK ““HDRUK ONE Health Health intelligence %2 Organization
. : et D s LK Surveillance and reporting O‘O Public Health Allian
t ( .O. ‘Genomic Epidemiol
generation. adit < acoC O s
NCBI . R
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Genomics benefits — A traditional
view of testing and surveillance

» Surveillance data
(and official stats
etc) are derived from
diagnostic tests

« Some sentinel
schemes, but largely
depend on the tests
that are done in the
diagnostic lab(s)

Test

requested,

sample
taken

Sentinel
sample
taken

L

Diagnostic
lab tests
sample

N

Results
generated

N

This is the 'Test' - what
you get at the end is
final' : everything

happens in a lab

Data goes
into LIMS
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Benefits — a brave

new Genomic world

* In genomics, the
tests are digital

* The raw input
(genome
sequences) are
generated once,
and can be
analysed many
times and in
different ways

Test
requested,
sample
taken

Sentinel
sample
taken

Diagnostic
lab
recieves
sample

Sample is
sequenced

_ Clinican
In a genomics identifies | |
world, this is new h ]
the 'test question Results
are used
v to manage
New patients
analysis is [
run on the
data
is i Results
Sequence Analysis is {
data is run on the > are 4
enerate
stored data { ¢
New
analysis is
run on the v
at
The genome data | data Results
is the raw A are used
material, and a by PH
genome can be New organisation
analysed many guestions ]
times to ask are -
d|ffer‘ent identified
questions
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Designing real-time systems

‘ﬁ_ majora APP 12:08 AM
COGUK/infrastructure/pipelines/s3_datapipe/status

ot « Genomics data is digital, and so

"status": "finished",

% is always generated and used in
BT BT i ‘real-time’
* Means that you can design
o | et e systems to enable that data to

ps: New sequences by centre

. g be used in many places in real
37 PHEC (PHEP)
majora APP 33 SANG (BRER)

-
13 SANG (LSPA) tl I I I e
COGUK/infr 13 NIRE

3 SANG (PLYM)

{

4089767 sample sequencing experiments in Majora
{ e 428 new sequences today
dir® 3524401 sequences matched to Majora metadata

3 SANG (GLAS)
1 SANG (OXON)

« Opportunities in terms of

% Majora PP 7.06 AM
COG-UK inbound pipeline QC summary

T T R e —— messaging queues / desig ning

R 2 systems that are event-driven
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Implications

* The fabric of the genomics enterprise is data and its analysis by
domain specialists (bioinformaticians).

 The same genomics data generated for one purpose could be
used for many different public health purposes, just by creating a

new analysis.

« Surveillance, official stats etc using genomics data would no longer have
to just ‘take what they are given’, or have limited resolution.

 We (PHW, researchers, industry) can reuse data and maximise its value,
asking deeper, more complex questions that can drive significant change.
* Routine generation of genomics data in the NHS is creating a
huge, rich, complex dataset, that can be mined for insight.
* This is a bioinformatics/data science challenge.
« This is an IG/data sharing challenge

G
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Potential: from patient to population

Clinicians Infection Surveillance / Health Policymakers
Prevention & Protection and Government
o CoNtrol
hylotype : "? .—: . r" °_ .;.4:% oh% i;?a 204

e RETpEsns Genomics Indicator
== Active Wales Lrwages
= Nerw WWales Lineages

= Cases n Pre-Exsiing Lineages.

This is an infectious disease example, the same is
true of chronic, environmental and occupational

diseases R e
S R
Diagnostics / Hospital/local Regional/national National response
patient level Outbreaks

Surveillance/action and policy
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Development of a Public Health
Genomics programme

* Vision: Driving the development of genomics
services from patient to population, to protect
and improve health and well-being and reduce
health inequalijg

* Role: A syste
stakeholders NN CE R =N Elas

implementatior
prevent and control infectious, (and ) chronic,

environmental, and occupational diseases in
Wales.

S —
O JEerio o5 U 0

Joint Research

- -
Shoerm Ry “"“n\glm.c.l.v:vx

Bottom line: there are a lot of dots to join, and a lot W
we need to do to evolve PHW to exploit genomics, and
of the emerging system. The g
U QoM ld)§Y PH Genomics Programme will be working to do this.

Analysis

Data Sharing

Animal and
Plant Pathogen

Pandemic Preparedness
:";4 2 GIG
) NHS
UK Health  ¢752%% World Health
Security §;_‘%«}Orgam t
Health Protectio Agency
and Response services

°§°NHS

All-Wales
pathogen

lk“wﬂ* {

genomics services
(e.9. CF, HIV)
ic Health Genomics
GG
[a][@] Cyhoeddus L NHS

Healthcare
sequencing

GG
NHs

All-Wales human
genomic

\\\\\\\\ [the

pathoge
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et

Upmeciach, Eyes

International Collaboration
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Key activities: genomics data

Genomics/Academic Genomics NHS Wales electronic

Research computational patient record
Infrastructure infrastructure (NDR, LIMS)

Welsh HEIs <Research ] Data, analytics, insight [ Results > NHS Wales
I
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Key activities: infrastructure

* Analysing genomics data
requires high and high
throughput performance
computing resources

« We have infrastructure for this,
both within PHW/GPW and Wales

« How we specify, access, use and
share that infrastructure has
PHW and NHS-wide implications

« And without it — we have no
service




Key activities: data analysis

ST95 .
sTi2n i\

ST80
& 404

L _ sT131
| |

« Bioinformatics ; develop the
pipelines and mterpret results

» Aligned to data science, many

L — 4 ! al
ST73 51127

[ [
— °ST69

common skills, and undertake AN\
common activities At
» Working to build this R
community across PHW =]
openstack.

- Working to develop career
models for these staff

* Recognise that without them
there is no service

EMC @

ANSIBLE

f I 0 WQ redhat
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Key activities: research

Cell s

nature

Explore content ~  About the journal ~  Publish with us +~

CelPress

Volume 184, Issue 1,7 January 2021, Pages 64-75.e11

Article

Evaluating the Effects of SARS-CoV-2 Spike
Mutation D614G on Transmissibility and
Pathogenicity

Erik Volz ' ¥ o g, Verity Hill 2, John T. McCrone 2, Anna Price ¥, David Jorgensen !,

Aine O'Toole ?, Joel Southgate * *, Robert Johnson !, Ben Jackson ?, Fabricia F. Nascimento !,

Sara M. Rey %, Samuel M. Nicholls %, Rachel M. Colguhoun ?, Ana da Silva Filipe %, James Shepherd ©
, David ). Pascall 7, Rajiv Shah ®, Natasha Jesudason ®, Kathy Li &, Ruth Jarrett ©...

Thomas R, Connor* 412 2 =

Show maore

nature » articles » article

Article | Open Access | Published; 11 August 2022
Context-specific emergence and growth of the SARS-
CoV-2Delta variant

John T. McCrone, Verity Hill, Sumali Bajaj, Rosario Evans Pena, Ben C. Lambert, Rhys Inward, Samir
Bhatt, Erik Volz, Christopher Ruis, Simon Dellicour, Guy Baele, Alexander E. Zarebski, Adam Sadilek,
Meo Wu, Aaron Schneider, Xiang Ji, Jayna Raghwani, Ben Jackson, Rachel Colquhoun, Aine 0'Toole,
Thomas P. Peacack, Kate Twohig, Simon Thelwall, Gavin Dabrera, Richard Myers, The COVID-18
Genomics UK (COG-UK) Consortium, Nuno R. Faria, Carmen Huber, |saac |. Bogoch, Kamran Khan,
Connor, Nicholas J. Loman, Marg A. Suchard, Oliver G. Pybus &, Andrew Rambaut = & Moritz U. G,

« Genomics data is highly
valuable for research

« Multiple publications over
the course of the COVID-19

pandemic

Kraemer=  — Show fewer authors

« COVID-19 data we shared
enabled even more papers
(over 150 to date)

* Need to build policies and
TR processes, to enable

e research, share data,, and
ensure credit to staff

+ Add to Mendeley =2 Share ss Cite
Nature 610, 154-160 (2022) | Cite this article

https://doi.org/10.1016/j.cell 2020.11.020 » Get rights and content »

nature reviews genetics

Under a Creative Commans license » ® 0pen access

M MICROBIOLOGY
SOCIETY

MICROBIAL GENOMICS Review Article | Published: 22 April 2022
Volume 9. lssue & Phylogenetic and phylodynamic approachesto

understanding and combating the early SARS-CoV-2
Novel recombinant SARS-CoV-2 lineage detected through genomic pandemic
surveillance in Wales, UK &

Explore content ~  About the journal v Publish with us

Publications ~  Information for authors - i ay

nature > pature reviews genetics > review articles > article

Short Communication | Open Access

Stephen W. Attwood £, Sarah C. Hill, David M. A Thomas R. Connor & Oliver G. Pybus &

Nicole Pacchiarini' (%), Michelle Cronin’, Clare Sawyer', Catie Williams?, Andrew Beazer®, Simon Cottrell, Mari Morgan',
Vince Saunders®, Catherine Moore®, Thomas R. Conner®*, Christopher Williams'

© View Affiliations

Publish  About  Contact

Aricles

# Cument Archives~ Special compilations ~ Collections ~  About Us ~  Editori

Homs | Eurosureilance | Vokume 25, s 32 12/A0G/2020 | Article

RESEARCH ARTICLE |

o, Download Full lssue
Rapid communication & Open Access

BIEIET T R DN f g R alol NI EIRIET ORI RS S  Geographical and temporal distribution of SARS-CoV-2 e [ yeT———T

CoV-2 using whole genome sequencing claicivhngO European Region, January to June 2020 ey i« Genomeg lechyd Cyhoeddus
s - - ; Genomics Public Health
e Partnership Wales
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Key activities: strategic relationships

- UK-wide genomics
landscape
- Welsh relationships, within
2::!.‘.;1'...’::..‘,‘.:: i 1 Ui hatios G P W
 International relationships
o 'WUK o (M)t 2R (PHA4GE, GA4GH, WHO,
— : ECDC)

« New area for us, new area
for them

 Lots of challenges

UK-Wide
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More immediate future: Planning
and growth

) WeISh Government Genomics Llywodraeth Cymru
Delivery plan IaunChed in Welsh Government 7 Wales
2022

« Pathogen Genomics Delivery
Plan under development now

 Activities relating to non- . -
infectious disease Public Genomics Delivery Plan

Health under way for Wales

e Sets the scene for the next 3
years

Partneriaeth
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Delivery plan elements

Partneriaeth

< Genomeg
? Cymru

é Genomics

Partnership

« Wider plan includes:

° Pathogen Genom|cs Llyu;odraeth;ymru P Wales

Welsh Government

« Human genomics

« Research

« Enablers / data

- Enablers / digital infrastructure

« Implications across PHW: PH i< Deli DI
Genomics Programme is key  [haabbltt SR P VA 01

point of contact and for Wales

coordination
2022 — 2025
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Welsh Public Health Genomics, 2035

Testing: Areas of activity/
* Close to patient
» Could be carried out by PHW or use

*  Prevention

*  Precision Medicine

*  Precision Public
Health

* Real-time surveillance

* Patient access to data

*  ONE Health

Input |Output
Practice | Impact

Established Processes Improvement:

others

« Data flows to centralised data
analysis/storage

« Genomics-aware workforce

» Bioinformatics and Data
Science service

+  SOPs for information to action * Reduced Inequality
+ Defined best practice * Better outcomes
+ Data Sharing Agreements * Better designed

services

« New research

+ Patients more
engaged/ involved

* Threat response processes
*  Horizon scanning

+  Genomic risk assessment

*  Sequencing allocation
guidelines
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