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Message from
our Director
Over the last year, we have lived through a stark demonstration of our collective
vulnerability and how interconnected the world is. But this year’s events also showed
us the power of partnerships, and what can happen when people come together to
develop solutions to global challenges.

Whether looking at a national scale, at the
collaborative research and clinical response
from academia and industry, or more locally,
at the way organisations such as the John Innes
Centre have continued to function throughout
the pandemic, we can all be proud of what we
can achieve when we all work together.

microbial science, such as the evolution of plant
defences and floral scents, antibiotic-producing
bacteria and the genetic diversity of peas, and
we welcomed our first cohort of students on
a new Wellcome-funded PhD programme,
which aims to advance understanding of
plant-based nutrition from crop to clinic.

Despite the challenges, here at the John Innes
Centre we have continued to make progress in
our efforts to generate fundamental knowledge
of plants and microbes and apply this to benefit
agriculture, the environment and human
health. Indeed, there are some real achievements
to celebrate as we look back at the year.

But I also want to look beyond our research.
I have always been firmly committed to the
people at the John Innes Centre, and this year
it has been more important than ever to keep
our staff healthy and connected during the
pandemic and to find ways to support each
other. I am proud of our staff and students for
the way they came together over the last year.
Everyone has given their time and insights to
ensure we can keep each other safe, and shown
such resilience while our work continued.

In collaboration with The Sainsbury Laboratory,
we launched our new joint vision, Healthy
Plants, Healthy People, Healthy Planet, or
HP3. It is an ambitious plan to use the power
of plant and microbial science to overcome
pressing global challenges.
We also launched new strategic partnerships,
including a new collaboration with the
Alan Turing Institute to enhance the ways
machine-learning and artificial intelligence
are applied to life-science research. This is a
novel partnership across the Norwich Research
Park brings together expertise in plant science
and social sciences at the Norwich Institute
of Sustainable Development.
In addition, we recruited new Group Leaders
studying exciting topics across plant and

Professor Dale Sanders FRS
Director of the John Innes Centre

It has also been vital to stay connected more
widely over this time, and many of our activities
moved online. From our busy programme of
public engagement activities with schools, to
running the first national Xylella Awareness
Week, together with a citizen science project
to encourage the public to hunt for spittlebugs,
we found ways to ensure we remained
connected to the wider world.
2020 demonstrated the key role science plays
in developing solutions to global challenges.
But it also showed us what can be achieved
when research is focused on overcoming a
global challenge.

I am proud of our staff and students for the
way they came together over the last year

John Innes Centre
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About the John
Innes Centre
The John Innes Centre (JIC) is a world-leading
international centre of excellence in plant
science and microbiology.
Our mission is to generate knowledge of plants and microbes through
fundamental research and to use this knowledge to benefit agriculture, the
environment, human health and well-being. We train excellent scientists for
the future and engage with policy makers and the public.
Our joint strategy with The Sainsbury Laboratory, Healthy Plants, Healthy
People, Healthy Planet (HP³) outlines our vision for delivering a safer, healthier
and more sustainable future through the power of plant and microbial science.

In collaboration with our

WORLD-LEADING
ACADEMIC PARTNERS

we are uniquely positioned to lead the
fundamental scientific advances needed to address
three intertwined, era-defining challenges:

We are home to over

40 RESEARCH
GROUPS

working on a variety
of plant and microbial
science research projects.
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We provide world-class

POSTGRADUATE EDUCATION

in plant science and microbiology as part
of our mission to train the scientific
leaders of the future. At any one time, we
are training around 100 PhD students.
We are a diverse
organisation with an

INTERNATIONAL
WORKFORCE

58% from the UK, 16%
from the EU27 and 26%
from the rest of the
world. Our staff come
from 36 countries
around the world.

We are proud to
have been the

We were a founding
signatory to the

FIRST
INDEPENDENT
INSTITUTION

TECHNICIAN
COMMITMENT

to be awarded the Athena
SWAN Gold Award in
2017, in recognition of
our work to address
equality in science.

Research and Innovation

#1

The John Innes Centre ranked
as the top plant science research
organisation worldwide, based on
citations between 2008 and 2017.
When assessed by a panel of
independent experts, our strategic
programmes achieved the highest
ranking in BBSRC’s Institute Assessment
Exercise in 2016, and the mid-term
review in 2019.
Since 2014, we’ve spun out seven
companies and attracted four
businesses to Norwich.

and are committed to
embedding a culture
where all staff across the
organisation are supported
and developed.

Funding and Impact
In 2020/21, the John Innes
Centre had a total INCOME OF
£50.3 MILLION and our total
expenditure was £46.1 MILLION.
Our expenditure on our
charitable activities was

£45 MILLION, or 97%,

of our total spend. This includes
research, research infrastructure,
and research support.

FOR EVERY £1 invested in the John
Innes Centre, £14 IS GENERATED
for the wider UK ECONOMY.

John Innes Centre
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Healthy Plants, Healthy
People, Healthy Planet
Harnessing the power of plants and
microbes for a sustainable future

In June 2020, we launched a joint new vision
with The Sainsbury Laboratory: Healthy
Plants, Healthy People, Healthy Planet (HP3).
It is an ambitious plan to address three critical
challenges facing the planet to secure a safer,
healthier and more sustainable future through
the power of plant and microbial science.
The three challenges are: feeding the world,
combatting global health threats and meeting
the challenge of climate change.
“HP3 is a collaborative call to action to
start to provide the solutions so desperately
needed in a world with a rapidly changing
climate, facing massive losses in biodiversity,
a growing global population to feed and
the urgent need to decarbonise agricultural
practices,” said Professor Dale Sanders.
HP3 outlines our plans to establish

a world-leading hub for UK plant and
microbial science and to accelerate
progress in tackling these major global
challenges with the very best plant and
microbial science laboratory infrastructure
anywhere in the world. By integrating
advances in genetics, genomics,
structural biology, live-cell imaging and
computational biology we will unlock
new levels of understanding and strengthen
the position of the UK as a global leader
in plant and microbial science.
We are now working with The Sainsbury
Laboratory and UKRI-BBSRC to secure
funding for new research facilities to
provide the world-class research environment
needed to enable us to realise this exciting
and ambitious vision for HP3.

Find out more about our vision at hp3.org
6
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The critical mass of world-leading researchers,
facilities and technical expertise will allow us to
advance ground-breaking discovery research, enhance
knowledge creation and deliver high levels of scientific,
societal and economic impact
Professor Dale Sanders FRS

John Innes Centre
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Science Highlights
Slow growth is the key to long-term
cold sensing
Professor Dame Caroline Dean, Professor Martin Howard and colleagues
have discovered a new temperature-sensing mechanism in plants that
can hold long-term memory of the cold.
Plants have to interpret temperature fluctuations over time to
align their growth and development with the seasons. This study found
that in warmer weather when plants grow more quickly, and cells
multiply, the amount of a key protein NTL8, becomes diluted. In contrast,
in cooler temperatures plants grow more slowly and NTL8 becomes
more concentrated, accumulating over time.
The combination of genetic experiments to identify the key proteins
involved, and mathematical modelling to show the key role of
growth-dependent dilution, highlights the fantastic synergy when
experimental approaches are combined with computational modelling.
The findings will be useful for understanding how plants, as well as other
organisms, sense fluctuating long-term environmental signals.

Parasitoid wasp and
cabbage stem flea beetle
Credit: Anna Jordan (JIC)

Nature DOI: 10.1038/s41586-020-2485-4

Parasitic wasp discovery could offer
chemical-free pest control for farmers
Researchers found that a species of parasitic wasp could provide
farmers with a chemical-free way of controlling a major crop pest.
Anna Jordan discovered the wasps in colonies of cabbage stem flea
beetles – a prominent UK pest that feeds on oilseed rape. Working
with Dr Rachel Wells and Professor Steve Penfield the team discovered
that the beetles had been infected by Microctonus brassicae, a
parasitic wasp that lays eggs within the beetles’ bodies, killing them
after the wasp larvae emerge.
In controlled conditions, the presence of sufficient numbers of the
wasps led to the collapse of the beetle colonies, raising the possibility
that Microctonus brassicae could be employed to protect a range of
crops prone to attack by the cabbage stem flea beetles.
NTL8 (green and yellow) becomes diluted as plants grow quickly

Bacteria can tell the time
Humans have internal daily clocks and so
do other animals and plants. Research
reveals that non-photosynthetic bacteria
also have them, answering a long-standing
biological question that could have implications
for the timing of drug delivery, biotechnology,
and how we develop timely solutions for
crop protection.
Biological clocks, or circadian rhythms,
are molecular rhythms that allow cells to
tell the time of day. Previous studies have
shown that photosynthetic bacteria, which
require light to make energy, have biological
clocks. In this study, the researchers
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Entomologia Experimentalis et Applicata
DOI: 10.1111/eea.12910

detected free-running circadian rhythms
in the non-photosynthetic soil bacterium
Bacillus subtilis. “Our study opens doors to
investigate circadian rhythms across bacteria.
Now that we have established that
non-photosynthetic bacteria can tell the
time, we need to find out the processes that
cause these rhythms and understand why
having a rhythm provides bacteria with an
advantage,” said Professor Antony Dodd.
Further studies can build on this to investigate
whether time of day could be important for
bacterial infection and treatment, and whether
industrial biotechnological processes can be
optimised by taking the time of day into account.

Soil bacterium Bacillus subtilis

Science Advances
DOI: 10.1126/sciadv.abe2086

ANNUAL REVIEW
New understanding of how plant
cells isolate in response to threat
A team led by Dr Christine Faulkner uncovered
more about the mechanism plant cells use to isolate
themselves when faced with pathogens. When
a cell perceives a threat, such as an invading fungus
or bacteria, plasmodesmata – the tunnel-like
connections that allow molecules to move
between cells – close over and the cells are
temporarily isolated.
The team used bioimaging approaches to
investigate the proteins involved in this process
of cellular self-isolation. They used a material
called chitin from the cell wall of fungus to trigger
an immune response and found that it triggered
a different response in the membranes that line
the plasmodesmal tunnels compared to that in the
membranes that surround the cell body.
Having specific signalling in the plasmodesmal
part of the cell membrane suggests that
processes requiring cell-to-cell connectivity are
regulated independently of immune response,
raising questions over whether there is a critical
requirement for cells to balance connectivity
and resource exchange with a protective
mechanism imposed by isolation.
PNAS DOI:10.1073/pnas.1907799117

Wheat has a large
complex genome, 6x larger
than the human genome

Plasmodesmata in the
cell walls of plant cells
visualised using bioimaging

Tomatoes enriched
with Parkinson’s
disease drug, L-Dopa

Landmark study generates first genomic
atlas for worldwide wheat

GM tomatoes offer affordable source
of Parkinson’s disease drug

A collaborative international research team has created the most
comprehensive atlas of wheat genome sequences ever reported. The
10+ Genome Project collaboration, which involved more than 95
scientists, sequenced the genomes of 15 wheat varieties from around
the world, detailing where important genes can be found.
Professor Cristobal Uauy and colleagues defined blocks across the
genome called haplotypes – blocks of genes that are co-inherited
together and selected by breeders in search of new crop lines with
desirable traits. The atlas enables scientists and breeders to quickly
find influential genes for improved yield, pest resistance and other
important traits and could catalyse a new era of wheat discovery.

Researchers have developed genetically modified (GM) tomatoes
enriched in the Parkinson’s disease drug L-DOPA, which could become
a new, affordable source of the essential medicine. The team, led by
Professor Cathie Martin, modified the tomato fruit by introducing a
gene responsible for the synthesis of L-DOPA in beetroot, where it
functions in the production of the pigments betalains.
The next step is to create a production pipeline where L-DOPA
is extracted and purified into the pharmaceutical product. The
work has implications for developing nations, where access to
pharmaceuticals is restricted, and may offer benefits for people
who suffer adverse effects from chemically synthesised L-DOPA.

Nature DOI: 10.1038/s41586-020-2961-x

Metabolic Engineering DOI: 10.1016/j.ymben.2020.11.011

John Innes Centre

9

ANNUAL REVIEW
Gene editing produces tenfold increase
in superbug-slaying antibiotics
Researchers in Professor Matt Hutchings’ and Professor Barrie Wilkinson’s
groups used genome editing to make a new strain of bacteria that produce
high quantities of superbug-targeting antibiotics. Formicamycins are
promising and powerful antibiotics and, under laboratory conditions,
superbugs like MRSA do not become resistant to them. The bacteria
Streptomyces formicae produce these antibiotics in small quantities. In this
study Dr Rebecca Devine used CRISPR/Cas9 genome-editing technology
to create a new strain of Streptomyces formicae bacteria that produce ten
times more formicamycins.
“We will use the
over-producing strain to
purify enough formicamycins
to figure out their mode of
action, how they kill
superbugs such as MRSA,
and why these superbugs
don’t become resistant. This
is vital to their further
development as antibiotics,”
said Professor Hutchings.
Cell Chemical Biology. DOI: 10.1016/j.chembiol.2020.12.011

Wrinkled ‘super pea’
could be added to
foods to reduce
diabetes risk
Professor Claire Domoney and
colleagues, in collaboration with
Imperial College London and the
Quadram Institute, found that a
type of wrinkled ‘super pea’ may
Wrinkled pea containing higher
help control blood sugar levels and
amounts of healthy ‘resistant starch’
could reduce the risk of developing
Type 2 diabetes. Using pea lines
from our Germplasm Resource Unit, the researchers found that unlike regular,
smooth peas, wrinkled peas contain higher amounts of ‘resistant starch’, which
takes longer for the body to break down. Using healthy volunteers, the
researchers found that, compared to eating smooth peas, the wrinkled peas
led to significantly lower sugar spikes.
The researchers are now planning further studies involving volunteers
with early-stage Type 2 diabetes. This will also involve a major pea-breeding
programme with help from industry partners to develop more ‘super peas’
with the resistant starch.
Nature Food DOI: 10.1038/s43016-020-00159-8

An Achilles’ heel for wheat rust infection

Cell division occurring in Streptomyces

Uncovering a critical factor in the assembly of
cell-division machinery in bacteria
To grow and proliferate, bacteria must divide. Central to this process is
FtsZ, a protein that assembles into a ring-like structure known as the
Z-ring. For most bacteria, the Z-ring is essential for building the
cell-division machinery and for the synthesis of a dividing wall that
allows the bacteria to physically separate.
Previously, there was little understanding of the mechanisms for
Z-ring assembly in a group of bacteria that includes several that are
medically and industrially relevant, such as Mycobacterium tuberculosis,
which causes tuberculosis (TB), or the prolific antibiotic producer,
Streptomyces. Using a combination of biochemical analyses and
live-cell imaging, researchers in Dr Susan Schlimpert’s group identified
a novel cell-division protein called SepH, which directly interacts with
the cell-division machinery and regulates the assembly of Z-rings in
Streptomyces. Further research could identify strategies to inhibit
this interaction and prevent cell division, which would be of particular
interest in the treatment of TB.
eLife DOI: 10.7554/eLife.63387
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Researchers from the Dr Diane Saunders’ group have found a gene in
wheat that acts to promote rust fungal infection, and that disrupting it
provides resistance to two of the most economically damaging diseases
of wheat worldwide – yellow rust and stem rust.
As rust fungi attack, they turn on and off particular genes in wheat
to prevent the plant from defending itself. When successful, this
stops the plant from killing the invading fungus and ultimately leads
to severe plant disease.
Researchers identified one wheat gene they called TaBCAT1 that was
turned on early during a successful yellow-rust infection. Deleting this
gene in wheat mutants severely reduced infection, suggesting its
important role in rust fungi causing disease.
Dr Pilar Corredor-Moreno, said: “We were amazed to see that removing
just this one gene in our mutant plants caused them to alert their
defence responses even before they were under attack. This likely helped
the plants to give a much speedier defence response, curtailing rust
infection before it even had a chance to start.”
The Plant Cell DOI: 10.1093/plcell/koab049

High-resolution image
of yellow rust on a leaf
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EDESIA: Plants, Food and Health
In autumn 2020, the first cohort of students started on a new Wellcome-funded
PhD programme at the John Innes Centre
The EDESIA: Plants, Food and Health PhD programme will advance
understanding of plant-based nutrition from crop to clinic, initiating
a step-change in nutritional research in the UK and addressing
diet-related illness, which costs billions globally.
Around three million people in the UK are estimated to be malnourished,
with two billion worldwide experiencing deficiencies of essential
micronutrients deemed ‘hidden hunger’. The programme puts plants at the
heart of nutrition and aims to create a new generation of nutritionists.
The EDESIA programme pioneers a multidisciplinary approach to
plant-based nutritional research, drawing on expertise from across
the Norwich Research Park. This pioneering approach also extends to its
pledge to provide support post-studentship, helping to bridge the gap
between industry and academia.
EDESIA addresses several UN sustainable-development goals in hunger,
poverty, inequality, responsible consumption patterns and climate
action. The EDESIA students will work to unravel the complex
interrelationship between plant-based foods, metabolism, the gut
microbiota and health outcomes.

Yvie Morgan is one of five students
who started in the autumn of 2020

Funded by Wellcome, 25 EDESIA PhD students will begin
projects at the Norwich Research Park over the next five
years, part of a Wellcome initiative to support 23 new PhD
programmes across health science.
John Innes Centre
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Organisational achievements

It has been a big year for the John Innes Centre, and despite the challenges of the
pandemic, the institute has much to celebrate. We took a major step forward with the
launch of our new research vision, HP3, with The Sainsbury Laboratory (read more about
this on pages 6 and 7). We also announced several new strategic research collaborations,
undertook important improvements to our facilities, and have endeavoured to ensure that
our staff and students can continue their work safely in the face of the pandemic.

Launch of the Norwich
Institute for Sustainable
Development
In February 2021, a new UK centre of
excellence was set up by partners at the
Norwich Research Park to improve global
food security, which is threatened by
climate change. The Norwich Institute for
Sustainable Development (NISD) will focus
on developing solutions to enable farmers
to build resilience to variable rainfall, drought
and extreme weather events.
The NISD is supported by the John Innes
Foundation and brings together expertise in
plant science at the John Innes Centre and
in social sciences at the University of East
Anglia’s School of International Development.

The new centre at the Norwich Research Park involves
researchers from the John Innes Centre, UEA, Quadram Institute,
Earlham Institute and The Sainsbury Laboratory
12
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Major funding award to
modernise horticultural
facilities
A £5.1m project to modernise our horticultural
facilities was funded by UKRI-BBSRC in the
autumn of 2020. The investment allowed us to
build new Controlled Environment Rooms
(CERs) for our plant and microbial experiments,
offering precise control of environmental
factors such as light, temperature and humidity.
The upgrade also improved the containment
measures required for experiments that
investigate plant pathogens and for growing
genetically modified plants.

The new
infrastructure’s LED
lighting, wastewater
treatment and
rainwater harvesting
will bring a reduction in
utility costs of around
£116,000 a year
Norwich recognised in UK Plant Science Research Strategy
In March 2021, the UKRI-BBSRC published a new research strategy for plant science, outlining clear goals for research and innovation
involving plants and microbes over the next ten years and calling for investment in world-class infrastructure.
The strategy emphasises the unique role that plant science research must play in safeguarding the future of our planet, and in addressing
a range of global challenges – including tackling climate change, ensuring a sustainable food supply and protecting biodiversity.
The plant science research strategy recognises real investment opportunities in Norwich by
highlighting the critical role HP3 will play in successfully delivering the strategy and ensuring a
world-class research base. By developing a world-leading hub for plant and microbial science,
the John Innes Centre and The Sainsbury Laboratory will provide a national resource, helping
to accelerate progress in tackling these major global challenges.
Authored by Professor Jane Langdale CBE FRS of the University of Oxford, the strategy
follows extensive consultation with members of the research and innovation community.

This strategy embeds pioneering plant
science at the heart of the UK science
and innovation landscape. It will be
indispensable in guiding the research
community as it seeks to address the
global challenges that lie ahead
Professor Dale Sanders FRS
John Innes Centre
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Healthy people at the
John Innes Centre
Meeting and overcoming
challenges like climate
change, feeding the world
and safeguarding human
health relies on creating
and nurturing talent, and
providing those people
with a safe, open, inclusive
and welcoming research
environment
We strive to increase the diversity of our
workforce, and for everyone to feel invested in
the science, in themselves and their colleagues.
We’re committed to the development of all our
staff and students and to providing equal
opportunities that encourage flexible working,
career development and work-life balance.
With the Covid-19 pandemic impacting the
way we interact and work together, staff and
students across the JIC have adapted remarkably
and shown resilience, enabling the institute
to remain open and our research to continue.
A huge range of staff and students have created
and delivered an astonishing number of activities
to encourage engagement and to look after
our well-being.
Alongside a wide range of people who have
contributed to making the institute a safe and
inviting place to work, the Wellbeing and
Mental Health group has played a key role
during this time by providing new resources,
regular messages about mental health and
training new mental health first aiders.

Healthy people
to me means happy
people. People who
are passionate about
their science and
respectful to their
colleagues
Dr Carole Thomas, Head of the
Directorate and lead on Equality,
Diversity and Inclusion

This group aims to raise awareness and
understanding of well-being and mental health
issues, as well as engagement in them, and
works to promote and develop on-site resources.
Ultimately, the group strives to build an inclusive
and welcoming community and reminds people
that they are not alone.
In 2020, we set up a Racial Equality and Ethnic
Diversity (REED) working group. REED is chaired
by Dr Ricardo Ramírez González, a post-doctoral
scientist and the Race and Ethnicity Equality and
Diversity Champion.
Building on the success of the 2018-2020
Technician Commitment action plan, we launched
our 2021-23 action plan outlining how we will
continue to embed the values of the Technician
Commitment in the institute. It outlines actions in
eight areas, including continuing to increase
awareness of technical roles at the JIC.

There are
approximately 200
technical staff at the
John Innes Centre

Technicians are authors
on 45% of scientific
papers published
57 technicians
have PhDs

Data: 2018 - 2020
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Awards and honours
Trio of honours for Professor Dame Caroline Dean FRS

Professor Dame
Caroline Dean FRS

Last year, Professor Dean was
presented with some of the world’s
most prestigious scientific awards,
including the Royal Society Royal
Medal in recognition of her work
over her 30-year career.
Professor Dean and her research
group have elucidated molecular
mechanisms underlying seasonal

timing and the epigenetic basis of
vernalisation – the process by which
plants delay flowering until they have
experienced a period of prolonged
cold. The Royal Medals are awarded
on behalf of the Queen each year
and have been issued annually since
1825. Previous recipients have
included Francis Crick, Mary Lyon

and Fred Sanger.
The medal was the third major
honour received by Professor Dean in
2020. She received the Wolf Prize for
Agriculture in January 2020 and was
elected to the American Academy for
Arts and Sciences as an International
Honorary Member in the class of
biological sciences.

Anna Backhaus – Jeanie
Borlaug-Laube Women in
Triticum (WIT) Award
Anna Backhaus was one of five early-career
scientists selected from around the world
to receive the WIT Award for 2020.
Her research is focused on the genetic networks
in control of early spike development in wheat,
trying to understand how developmental
decisions are encoded in the crop’s genome.
Her PhD supervisor, Professor Cristobal Uauy
said: “Anna has a deep-rooted motivation and
passion to make an impact in the world through
her research. She embodies the next generation
of crop scientists.”

Professor Dale
Sanders FRS

Prestigious Chinese award for collaboration
In January 2021, Director of the John
Innes Centre, Professor Dale Sanders
FRS, received the Chinese Academy of
Science (CAS) International Science and
Technology Cooperation Award.
The prestigious annual award rewards
outstanding international contributions
to long-term cooperation with CAS.
Professor Sanders was instrumental in

setting up and continuing the development
of the Centre of Excellence for Plant and
Microbial Science (CEPAMS), a collaboration
between the John Innes Centre and CAS.
A leader in the field of plant ion signalling
and mineral nutrition, he has obtained
important results in the study of calcium
channels, membrane transporters, cell
signalling and ion homeostasis.

Dr Shannon McKie – Gregory Paul
Lenardo Basic Science Award
The Gregory Paul Lenardo Basic Science Award is
given once a year for discoveries in fundamental
cellular, molecular or genetic processes using model
systems that advance scientific understanding of
biological processes in higher organisms.
In December 2020, Dr McKie received this award
for her studies of the biochemical and biophysical
characterisation of topoisomerase VI, which functions
to detangle DNA, from the archaeal species
Dr Shannon McKie
Methanosarcina mazei, to gain a deeper understanding
of this enzyme’s activity.
Her PhD supervisor, Professor Tony Maxwell, said, “Shannon was a truly outstanding PhD
student who worked on fundamental aspects of the archaeal enzyme DNA topoisomerase VI, and,
in so doing, revealed key features of its physiological role in plants and plasmodial parasites.”

Anna Backhaus

John Innes Centre
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Working with industry
The knowledge generated by the John Innes Centre has led to many innovative and practical
solutions to global challenges. This is the result of ground-breaking research, combined with
activities to develop specific and applied scientific solutions. Over the past five years we have
enhanced translation and application through collaborations, start-ups, spin-outs, licence
agreements and inward investment.

A first step to plant-made
dengue virus vaccines

Is vertical farming the future
of agriculture?

John Innes Centre researchers have used plants
to produce virus-like particles (VLPs) of the
dengue virus, in a first step towards a novel
vaccine. Dengue is a pathogenic mosquito-borne
virus that causes approximately 390 million
infections per year.
The team in Professor George Lomonossoff’s
group worked in collaboration with Leaf Expression
Systems, one of our spin-out companies, to
produce VLPs of dengue virus serotype 1, one of
four distinct variations of the virus. VLPs are
authentic mimics of the virus, containing the
protein coat but without the infectious material.
This protein coat is enough to train the immune
system to respond to the virus without causing an
infection. Using plants to produce these valuable
molecules could offer an affordable and low-tech
solution to vaccine development.
The researchers used a variety of tobacco
(Nicotiana benthamiana) to transiently express
dengue VLPs using technology pioneered at the
John Innes Centre by Professor Lomonossoff.
After extraction and purification, the VLPs were
shown to stimulate an immune response to the
virus in experiments on mice. Further work will
focus on improvements to the methods and
extraction of VLPs and on trying to replicate this
for the other serotypes of dengue virus.

Vertical farming has the potential to
revolutionise agriculture, allowing us
to grow crops in a sustainable and less
environmentally damaging way.
To make vertical farming more productive
and sustainable we have teamed up with
Bristol-based start-up LettUs Grow, an
indoor vertical agriculture company. It is
engineering novel indoor farm hardware
and software to grow a variety of crops
using aeroponics.
LettUS Grow has recently sponsored
a PhD studentship through the UKRI-BBSRC
Norwich Research Park Doctoral Training
Partnership with John Innes Centre group
leader Professor Antony Dodd. This project
will study the role of circadian rhythms
in regulating crop production in vertical farms.
Understanding the interaction between
the circadian clock of suitable crops and
these artificial growing environments will
be a valuable step to boosting productivity
while reducing costs.
Early findings are helping LettUs Grow to
optimise growing protocols and hardware
applications, to reduce energy and water use,
and thereby improve the carbon footprint and
ultimately lead to more sustainable farms.

16
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Dengue virus-like particles

Infiltrating Nicotiana
benthamiana
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New ventures at the John Innes Centre
New Turing Institute
collaboration to bring
the best in AI to
Norwich Research Park
Dr Bethany Nichols,
A collaboration with the Alan Turing
NRP-Turing Fellow
Institute, launched in September
2020, has a vision to enhance the
ways machine learning and artificial intelligence are applied to
life-science research. Biological research is increasingly data rich and the
collaboration aims to identify new ways to exploit this information and
accelerate advances in understanding.
The Norwich Research Park-wide collaboration with the Alan Turing
Institute is supporting six year-long research posts, including one based
at the John Innes Centre, working together in a cross-institute cohort
to expand the application of machine learning and artificial intelligence.

John Innes Centre launches academic
journal, Quantitative Plant Biology

In June 2020, we partnered with Cambridge University Press to
launch a new open-access journal: Quantitative Plant Biology (QPB).
QPB is designed to provide an interdisciplinary forum for
high-quality research on ground-breaking discoveries and
predictions in plant science, and a dedicated home for research
that applies techniques such as data mining and analysis,
mathematical modelling and machine learning to plant biology.
The new journal welcomes research from across the spectrum of
fundamental, applied and societal plant research; from across all
biological scales – molecular through to cellular and organismal
though to population; and based on data from laboratories,
fieldwork and citizen science.

New biobank to preserve UK soil
microbial biodiversity
October 2020 marked the launch of a new partnership to establish
the UK Crop Microbiome Cryobank. The five-year initiative will
use state-of-the-art cryo research techniques to preserve important
crop microbiome samples from different soil types across the UK to
safeguard future research and facilitate sustainable production of
the UK’s six major food crops, including barley, oats, oil-seed rape,
potato, sugar beet and wheat.
The John Innes Centre joins CABI, which is leading the project, along
with researchers from Rothamsted Research and Scotland’s Rural
College (SRUC). This team will develop a ‘Noah’s Ark’ of UK microbes
from crop systems and this will form the first publicly available resource
of its kind anywhere in the world.
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BRIGIT – stakeholder engagement
and citizen science
Funded by UKRI’s Strategic Priorities Fund, with support from Defra and the Scottish
Government, the BRIGIT programme has delivered some exciting new activities this year.
BRIGIT, a UK-wide consortium of 12 organisations led by the John
Innes Centre, builds the UK’s capability to prevent the establishment
of vector-borne plant pathogens and to increase our preparedness to
respond should they be introduced.
The consortium studies Xylella fastidiosa, a bacterial pathogen that is
not present in the UK but is an emerging threat in southern Europe
and has devastated olive trees in Italy.
Over the past two years, though the project, the consortium has
worked closely with key stakeholders and the public to share
knowledge, collect data and raise awareness of the disease.

We’re all going on a bug hunt – citizen
science project gathers key data
From 2019 through to 2021, the BRIGIT programme ran a citizen
science project to collect information about the frothy blobs of
cuckoo spit that appear on plants in late spring. Over three seasons,
more than 12,000 spittle sightings were submitted to the project.
Cuckoo-spit is produced by spittlebug nymphs as protection
against predators and to prevent them drying out and is associated
with the arrival of spring. Spittlebugs, also known as froghoppers,
emerge from those frothy protective havens to feed as adults on
a wide range of plants and trees.
The data collected during the spittlebug hunt feeds into the BRIGIT
programme, aiming to map and understand the distribution of these
xylem-feeding insects in the UK. This data also helps scientists to
model the spread of Xylella fastidiosa in hypothetical situations,
supporting the UK Government’s planning and preparation for
potential incursions of vector-spread plant diseases in the future.

Xylella Awareness Week – engaging with
key stakeholders

Xylella-infected olive trees in Puglia, Italy. Credit: Dr Steven White, CEH
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In March 2021, the BRIGIT consortium delivered the UK’s first Xylella
Awareness Week – a week of activities to engage key stakeholders and
the public in the findings and outcomes of the research. The four-day
virtual event engaged with key groups of stakeholders, including
inspectors from the Plant Health and Seeds Inspectorate (PHSI) of the
Animal and Plant Health Agency (APHA), business owners in the
horticulture trade sector, professionals and volunteers at botanic gardens
and in environmental groups, and members of the public.
Workshops tailored to each group shared information about Xylella
fastidiosa, its symptoms, host plants and insect vectors, as well as finding
out what information would be useful for these groups in the future.
Surveys, Q&A sessions and polls indicated that all groups would like
access to insect identification and geography databases.

ANNUAL REVIEW

Engagement goes virtual
2020 became the year that events went virtual. We
took this as an opportunity to widen participation in
our public and school engagement events, inviting
schools nationwide to join our Year 10 science camp
and Women of the Future events.

In 2020, our flagship event for Year 10 girls moved online and we
curated 30 videos from 45 women working in STEMM subjects. This
new video directory has proved popular, having had well over 3,000
views. On 27 November, schools joined two one-hour Q&A sessions
with women in STEMM.

Innes Lecture 2020: the 1925 Scopes Monkey
Trial: why did so many people hate evolution?
The 2020 Innes Lecture told the story of the Scopes Monkey Trial and
highlighted key themes in the public reactions. Professor Joe Cain, a
historian of science in the 19th and 20th centuries, gave a fantastic
virtual talk, which was followed by a lively question and answer session.
In 1925, an American school teacher was put on trial for teaching
evolution. This was global news and an important moment in
the ever-changing relationship between science and religion.
Why have so many people – over two centuries and around the
world – hated evolution?
This talk is available on the John Innes Centre YouTube channel at
youtube.com/JohnInnesCentre

PHYTOPIA exhibition: 21-30 August 2020

In August 2020, we became a content partner for the Science Gallery
Bengaluru’s first digital exhibition PHYTOPIA, which explored the
past, present and future of plants.
PHYTOPIA was an online exhibition that brought together engineers,
scientists, designers, artists, chefs and biohackers to explore plants and
experiment beyond the kitchen, the lab and the farm. Scientists from the
John Innes Centre took part in the exhibition, giving lab tours and taking
part in question and answer sessions online.
To view online, visit bengaluru.sciencegallery.com/phytopia

John Innes Centre
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New appointments and Fellowships
Dr Kelsey Byers
Group Leader

Dr Kelsey Byers joined the John Innes Centre in August 2020. She
studies the evolution and diversification of floral scent at a wide range
of scales, from genus-wide evolutionary patterns to floral-scent
evolution of pairs of species with different pollination systems.
She is also investigating how floral scent genes evolve in natural
populations. Flowers use many traits to influence animal pollinator
visitation, including colour, shape and scent. By making sure that
the ‘right’ pollinators visit in the right way, plants can ensure
that their pollen is successfully transferred. At its core, Kelsey’s
research focuses on the evolution of floral scent in different
flowering-plant species.

Dr Philip Carella

Group Leader
Dr Phil Carella joined the John Innes
Centre in August 2020. His research
aims to better understand how the
diversity of land plants defend
against pathogen infection. Using
evolutionarily insightful model plants,
Phil’s group will investigate widely
conserved and lineage-specific
aspects of plant defence that will
inform future efforts to protect plants
from harmful pathogens.
The overarching theme of their
research is to explore and understand the evolution of plant defence –
in particular, understanding how the critically important plant defence
pathways of crops were first established when plants colonised land,
and how these have evolved across distantly related plants.

Professor Matt Hutchings

Group Leader
The Matt Hutchings group joined the John Innes Centre in August 2020.
The group works on the specialised metabolites made by Streptomyces
species and closely related
actinomycete bacteria, which are
used to produce more than half of
all known antibiotics.
Matt’s group is particularly
interested in the chemical ecology
of these bacteria and their natural
products. For example,
antibiotic-producing actinomycete
bacteria interact with insects
and plants and protect them
against infection by pathogenic
bacteria and fungi in return for
food and housing.

Dr Sanu Arora
Group Leader

Dr Sanu Arora joined the John Innes Centre
as a John Innes Foundation-supported Group
Leader in November 2020. Her group will
explore the natural diversity of the Pisum
(pea) species for environmental resilience.
The demand for pea protein is expected to
grow exponentially in the coming years.
This is at odds with the highly volatile yield
of pea as a crop.
Sanu’s research works to understand the
genetic basis underlying the causes of this
uncertainty, with the objective of achieving
yield stability. Her research will start by
looking for genetic sources of resistance
to devastating diseases of pea (root rots,
powdery and downy mildews), against
which the current control strategies are
not particularly effective.
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Dr Eva Sharpe
Head of Strategic Engagement
In December 2020, Dr Eva
Sharpe joined as our Head of
Strategic Engagement. This
new role, embedded in the
directorate, will facilitate
and build new and existing
relationships with a variety
of our external audiences,
including funders, policy makers,
partners and the public.
A biochemist by background,
Eva left lab research to
move into science policy and
communications. Initially,
she will focus on developing our policy and public affairs approach –
to help ensure that our research discoveries deliver impact and that policy
decisions are informed by scientific evidence. She is also leading our
stakeholder engagement activities around our plans to take
forward the HP3 vision.

Dr Jay
Biernaskie
Daphne Jackson Fellow
Dr Jay Biernaskie returns
to research after a
two-year break. His
Fellowship project
is titled: Testing alternative
designs for cooperative and
productive wheat crops.
The aim of Jay’s
research is to understand
how to shift crops from
a competitive state
to a more cooperative
and productive state.
He is interested in special
cases where natural
selection will have favoured cooperation, especially among the
genetically identical components of large individual plants (e.g. multiple
stems from the same wheat plant).

CEPAMS link strengthened by Royal
Society-Newton Advanced Fellowship
A Chinese-UK collaboration investigating medicinally important
compounds in plants has been further strengthened by Royal Society
funding awarded in May 2020.
Dr Evangelos Tatsis, CEPAMS Group Leader based in Shanghai,
has been awarded a Royal Society-Newton Advanced Fellowship.
His group works to determine how plants make structurally
diverse chemical compounds. The two-year fellowships allow
leading researchers to develop their career through training and
collaboration and to establish long-term and sustainable links
with UK research institutions.
The Advanced Fellowship supports collaboration between Evangelos
and Professor Cathie Martin FRS. Their research aims to identify the
compounds with anticancer activity from barbed skullcap and how
plants synthesise them.

Dr Dmitry Ghilarov

Dr Tung Le

John Innes Centre research attracts
global health charity funding

Dr Evangelos Tatsis

Two talented early-career scientists have won £2.5m funding
from the global health charity Wellcome, to carry forward their
influential research at the John Innes Centre.
Dr Dmitry Ghilarov is the recipient of a five-year Wellcome
Sir Henry Dale Fellowship, an award jointly funded by the Royal
Society. Dmitry is due to begin the fellowship-funded post at
the John Innes Centre in September 2021.
Dr Tung Le receives a Wellcome five-year Investigator Award,
designed to support independent researchers addressing some
of the most important questions in science. Tung’s research
focuses on understanding bacterial chromosome structure and
its impact on DNA replication and segregation.

John Innes Centre
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Future plans
The next 12 months will be a crucial period for the
John Innes Centre as we bring in a new Chair of
the Governing Council, complete our quinquennial
submission for the BBSRC’s Institute Assessment
Exercise, and adapt to changes in the workplace
following the pandemic

Recruiting a new Chair of
Governing Council
In March 2021, Dr Will West reached the end
of his tenure as Chair of the JIC’s Governing
Council. Current Trustee Director Dr Deborah
Keith has taken on the role in an interim
capacity while a search is underway to appoint
a successor. The new Chair will take leadership
of the John Innes Centre’s governance, working
closely with the Director and management to
continue to deliver our excellent and impactful
research. They will take up this role at an
exciting point, as we take forward our
ambitious plans to deliver our new research
vision, Healthy Plants, Healthy People, Healthy
Planet (HP3) while building on our recovery
from the pandemic.
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Developing our research
strategy in preparation
for the next Institute
Assessment Exercise
As a BBSRC strategically funded institute, the
John Innes Centre takes part in an Institute
Assessment Exercise (IAE) every five years
as part of our funding renewal. Due to the
pandemic, the IAE submission date has been
delayed. In preparation for our submission, we
are engaging staff in developing detailed plans
for our research over the next five years within
Institute Strategic Programmes.
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The critical mass of world-leading
researchers, facilities and technical expertise
will allow us to advance ground-breaking
discovery research, enhance knowledge
creation and deliver high levels of scientific,
societal and economic impact

Bidding for major new
infrastructure to become
a plant and microbial
science hub
We have reached the next stage of our joint
application with The Sainsbury Laboratory and
and UKRI-BBSRC, which will secure funding for
new research facilities to provide a world-class
research environment and support delivery of
our ambitious scientific vision outlined in HP3.
In June 2021, the John Innes Centre and The
Sainsbury Laboratory were awarded £1m to
progress plans to develop a world-leading plant
and microbial science hub on the Norwich
Research Park. The funding will enable the next
stage of design development for the new
infrastructure, allowing us to submit our outline
business case to HM Treasury later this year.

Supporting people
and culture

Strategic partnership in
wheat research

Working with our staff and students, we will
continue to embed a vibrant, inclusive and
diverse culture. We plan to refresh our
approach to internal communications,
engagement and recognition. We also plan
to develop new actions to support our Athena
Swan Gold Award renewal and to deliver our
new Technician Commitment action plan.
We will consider what we have learnt from
our experiences during the pandemic and how
we may need to adapt to long-term changes
in the workplace post-Covid-19.

Over the year we will strengthen our existing
partnerships and collaborations, including
formalising our strategic collaboration with the
International Maize and Wheat Improvement
Center (CIMMYT). The new partnership will
build on our successful joint-research
achievements and aims to harness
state-of-the-art technology to find solutions
for the world’s wheat farmers and consumers.
Partnership activities will include collaborative
research projects, staff and student exchanges,
exchange of materials and data, joint
capacity-building programmes and shared
connections to the private sector.
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