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UK to embark on groundbreaking new genomics projects

Programmes involving millions of volunteers will cement Britain’s place as leader in DNA research
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Britain is embarking on a series of research projects in 2023 that will cement its place

as a world leader in genomics.

They include the world’s largest genetic medicine initiative, with 5mn adults set to
have their DNA profiles linked to lifestyle data and health records in a new project
called Our Future Health

At the same time a Newborn Genomes Programme will read the DNA of 100,000
babies — all 3bn letters of their genetic code — in order to detect childhood diseases.
Other projects will focus on cancer and recording the genomes of ethnic minorities

who have been under-represented in medical research.

“The UK is incontrovertibly the world leader in genomics,” said Eric Topol, director of
the Scripps Research Translational Institute in California, who has no direct role in
the programmes. “Its commitment to genomics has been more extensive and broader

than any other country.”

British prowess in DNA research dates back 70 years to the discovery of the
molecule’s structure by Francis Crick and James Watson, followed by the
development of the first method to read the sequence of biochemical letters (known as
bases) in DNA by Fred Sanger in the 1970s.
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DNA, the basics

Deoxyribonucleic acid (DNA) is a molecule consisting of:

Two strands, twisted around The strands are joined A can only bond
one another and made of by pairs of four different Cytosine () Thymine (T) with T and C can
sugar and phosphate groups  chemical ‘bases”, Adenine (A) Guanine (G) ©nly bond with G

This is the molecule unwound so it can be seen more clearly

| Y

i

The sequence of bases along a strand supplies 1

coded information about specific inherited traits, XR 2 & X 8 ij ﬁ i‘ ﬁ
called a gene. Each of the 20,000 or so human

genes instructs cells to make a particular protein

The genes are parts of much longer strands /)!K H& 66 3"1"6 Hﬁ &8 oo

which are packaged into structures called chromosomes

AdAhdad ARE BX KA

Every human cell nucleus contains
23 pairs of chromosomes a
XXX AN AA F.8

There are about 3bn base pairs in a human genome. Most of the genome does not code
directly for proteins but regulates the genes to ensure that they are active at the right fimes
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More recently, at the onset of the Covid-19 pandemic, UK scientists led the world in

reading coronavirus genomes to help identify the emergence of new viral variants.

The new programme will start with two main strands in England next year.
Extensions to the rest of the UK are expected to follow.
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One strand is the Newborn Genomes Programme, which is being carried out by
Genomics England, a publicly owned company. It focuses primarily on genetic
mutations that cause rare childhood diseases. The government is investing a total of
£175mn in the programme and in Genomics England’s other cancer and diversity

initiatives.

The second strand will be carried out by Our Future Health, an independent charity,
which has received £79mn from the government and more than £100mn from
industrial partners. It will look for genetic variations that make people susceptible to
common chronic conditions such as heart disease and type-2 diabetes, each of which
affect an estimated 500mn people worldwide.
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Conventional genome sequencing using electrophoresis

Sequencing is the mapping out of the order of base pairs in DNA

Typically, DNA sections Then duplicated to numbers
are first isolated that can be measured
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In a sequencing machine, the DNA is A short DMA strand called a primer binds to
first separated into two single strands the sample DNA and an enzyme called a
by raising the temperature DNA polymerase binds to the primer
DNA Primer
|[ polymerase
The enzyme adds new bases, forming ...a modified base called a terminator is ran-
a new strand until... domly added, halting strand formation

Terminator
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Further heating then causes Repeating the process many times results
the new strand to separate in DMNA strands of different lengths
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In a process called electrophoresis, the strands A laser at the end of the tube illuminates the
pass through a fube. The shorfer the strand, terminator and it is recorded

the faster it moves, effectively sorting the

strands by length

https://www.ft.com/content/f4a68aaf-86d8-449f-ab2b-c24a5368b665 5/9



12/30/22, 2:27 PM UK to embark on groundbreaking new genomics projects | Financial Times

An initial 150,000 yoh‘hﬂﬁée{"yﬂﬁxpeiﬁﬂeady been'tetthitédHor Our Future Health
through the inter nv1t nd bile hubs touring England. They
agree to c lﬁlﬁﬁiﬂ hfest;ﬁeﬂﬂeﬂiﬁﬁia e, undergo a physical
examination and provide a blood samplerforgeneticianalysis.orrect

sequence will be built up

Besides g dispinciombsirsenafesisantasand rommen diseases, another
differéné between the two programmes is that Genomics England emphasises the
clinical benefits for participants, while Our Future Health is establishing a huge

cohort of volunteers primarily for research.

“Our Future Health is building on a great British tradition of cohort studies and
particularly on the success of UK Biobank, which is currently the world’s best,” said

Ewan Birney, deputy director-general of European Molecular Biology Lab.

UK Biobank has received around £340mn from the government and charities since it
was set up in 2004 as a decades-long project with 500,000 middle-aged volunteers,
whose health would be linked to their lifestyle and genetics. Analysis of Biobank data
is generating more than 500 research papers per year from scientists around the

world, far more than any comparable medical database.

Participation in Biobank was entirely altruistic and volunteers received no
information about their personal data. However, Our Future Health will provide

feedback to people who want it, said Andy Roddam, its chief executive.

Both Our Future Health and Genomics England are also making a special effort to
include representative samples of the population in their studies after Biobank was

criticised for its disproportionate number of white middle-class volunteers.

“We will be bringing the Newborn Genomes Programme to families from a very wide
range of communities,” said Amanda Pichini, clinical lead at Genomics England.
“Many of these families will have no prior knowledge of genetics so good counselling

will be essential.”

Government-industry partnerships already play an important role in UK genomics
research and will build up further in future, said Steve Bates, chief executive of the

BioIndustry Association.

The government’s investment in the programmes “will help make the UK the best
place to start and scale new genomics companies”, Bates added. “At the same time the
world’s big pharma and technology companies are coming here to make use of our

genomics environment and plug into our data sets.”
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So far the UK genomics programmes have worked mainly with California-based
Illumina to provide the machines that read participants’ DNA. Our Future Health will
continue that partnership, using Illumina’s “genotyping arrays” to find the genetic
variations that determine susceptibility to common disease; this does not require the

whole genome to be sequenced.

But two competitors to Illumina are emerging. The UK’s Oxford Nanopore and PacBio

of California are both pressing to take part in Genomics England’s next projects.
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DNA strand ———— Nanopore sequencing

A nanopore sequencer confains a flow
cell made up of hundreds or thousands
of submicroscopic protein pores, each
about a millionth of a millimetre across

Enzyme motor

Flow cell
Solution

Bathed in a solution through which an
Nanopore electric current is passed ...
I ... nanopores form natural gateways
anedmscmd embedded in synthetic membranes

supported on a microscaffold

The membrane is an electrical insulater
so the current passes through the
nanopore ...
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... drawing a strand of DNA through it
as it does so

DNA, transit of the nanopore is
controlled by an enzyme motor

The DNA's bases disrupt the current
and this can be measured, recording
the structure as it passes through

Sources: Oxford Nanopore Technologies; FT research .
©FT

Chris Wigley, Genomics England chief executive, said innovation was blossoming
among the companies analysing genetic data. “We are seeing a sort of Cambrian
explosion of different techniques and approaches,” he said, referring to the great burst

of evolutionary activity on Earth 550mn years ago.

https://www.ft.com/content/f4a68aaf-86d8-449f-ab2b-c24a5368b665

8/9



12/30/22, 2:27 PM UK to embark on groundbreaking new genomics projects | Financial Times
An Oxford-based company, Genomics plc, is partnering with Our Future Health to
make sense of its data. It will help generate “polygenic risk scores”, which specify
every participant’s risk of developing a wide range of common diseases on the basis of
their genetic profile. When the risk is high, individuals and their doctors can then take

preventive measures — through behaviour change or medication — to reduce it.

“We will be working with Our Future Health to find the best way to communicate risk
scores back to individuals and their doctors — and integrate them into current
practice,” said Peter Donnelly, chief executive of Genomics plc. “We are aiming for
personalised prevention to become routine in the health service in five or 10 years’

time.”
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