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Alfred Sturtevant

T H Morgan

E.B. Lewis and the discovery of the bithorax complex (BX-C)



The breakthrough: positional cloning of genes with unknown products



Mark et al (1997) Pediatric Research 

Hox genes provide the first evidence for conservation of developmental mechanisms in animal evolution





The Orthodox Academy, Kolymbari, Crete

Christiane Nüsslein-Volhard
& Eric Wieschaus

EMBL, Heidelberg

EMBO Molecular and developmental biology of Drosophila Workshop 1980



Landmark Nature paper that represents a paradigm shift in the field



Visualising Gene expression in whole organisms for the first time



The convergence of two fields: cancer biology and developmental biology



Wild type

patched

engrailed wingless

Martinez-Arias, Baker and Ingham (1988) Development

Discovery that the patched gene is required to repress transcription of the proto-oncogene wingless
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Molecular cloning of the patched gene provided a key insight into its function
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Identification of the components of the Hedgehog signal transduction pathway by genetic analysis 



AWARD YEAR 1993 - Neuroscience Research Grants

McMahon Andrew P.
Dept. of Cellular & Developmental Biology, Harvard University, Cambridge,
USA
Ingham Philip William
Dept. of Zoology, University of Oxford
UK
Tabin Clifford J.
Dept. of Genetics, Harvard University, Boston
USA
Patterning of the mid-hindbrain region of the vertebrate embryo.

Human Frontier Science Program

Wnt-1 Eng-1

Wilkinson, Bailes & McMahon Cell (1987) Bally-Cuif et al Development (1992)

Have signalling networks been conserved through evolution?



Stefan 
Krauss

Jean-Paul 
Concordet

Cloning homologues of Drosophila hedgehog gene from the zebrafish



Discovery of the vertebrate Hedgehog genes identifies their role as embryonic organisers





In 1995, the Nobel Prize in Physiology or Medicine was 
awarded jointly to Edward B. Lewis, Christiane Nüsslein-
Volhard and Eric F. Wieschaus  "for their discoveries 
concerning the genetic control of early embryonic 
development".



The Patched gene is conserved in human and functions as a tumour suppressor



Ptc

Smo

Identification of Smoothened as the obligate transducer of Hh signals



Vertebrate embryonic pattern-inducing proteins
and uses related thereto
Document Type and Number:  United States Patent 6607913

Abstract:
The present invention concerns the discovery that proteins encoded by a family of
vertebrate genes, termed here hedgehog-related genes, comprise morphogenic
signals produced by embryonic patterning centers, and are involved in the formation
of ordered spatial arrangements of differentiated tissues in vertebrates. The present
invention makes available compositions and methods that can be utilized, for
example to generate and/or maintain an array of different vertebrate tissue both in
vitro and in vivo.

Inventors: Ingham, Philip W. (Summertown, Oxford OX27L, GB)
Mcmahon, Andrew P. (Lexington, MA)
Tabin, Clifford J. (Cambridge, MA)

Application Number: 09/448188
Publication Date: 08/19/2003
Filing Date: 11/23/1999

This IP provided 
the foundation for 
a new biotech 
start-up 
established by 
Doug Melton 
(Harvard University)

Patenting of Hedgehog signalling  



Ontogeny Inc. begin screens of 
synthetic small molecules for anti-Hh 
activity using a Gli-reporter-gene-based 
assay in tissue culture cells.
The company merges with two other start-
ups to form

Drosophila studies provided the basis of screens for small molecule modulators of Hh



  

Vismodegib: first precision therapy for metastatic basal cell carcinoma 

Smo







CRUK Blog



Hedgehog signalling is now implicated in a host of clinical conditions 



POSTDOCTORAL FELLOWS

Isabel Guerrero  Principal Scientist, Universidad Autonoma, Madrid
Yoshiro Nakano  Senior Scientist, Hyogo University Medical School, Japan
Uwe Strähle  Director, Centre for Toxicology, Karlsruhe, Germany
Stefan Krauss  Director, HTH Centre of Excellence, University of Oslo, Norway
Jean-Paul Concordet Research Director, INSERM, Paris, France
Tom Schilling  Head of Department Biology, UC Irvine, California, USA
Pete Currie  Director, Australian Regenerative Medicine Institute, Monash, Australia
Sudipto Roy  Principal Scientist, IMCB, Singapore
Leanne Jones  Director, Bakar Aging Research Institute, UCSF, California, USA

PhD STUDENTS

Alicia Hidalgo  Professor of Neurogenetics, University of Birmingham, UK
Alexandria Forbes  Founder, President and CEO, MeiraGTx, New York, USA
Patrick Blader  INSERM Director, Montpellier, France
Antonio Jacinto  Director, Institute for Chronic Disease Research, Lisbon, Portugal
Kate Lewis  Professor and Head of Department, State University of New York, Stonybrook, USA
Anish Shivdasani  Founder and President, Giraffe, Johannesburg, South Africa

Notable Ingham Research Laboratory Alumni



in the new Department of Life Sciences 

Research with Impact



Life Sciences is one of the UK’s most successful sectors, 
worth over £94 billion to the UK economy in 2021, a 9% 
increase on the year before.

The multi-faceted ‘Life Sci for Growth’ package brings 
together 10 different policies including:

•£121m to improve commercial clinical trials to bring new 
medicines to patients faster 

• up to £48m to support development of manufacturing 
processes for next-generation vaccines and advanced 
therapies

• £52.7m to support new mental health treatments, set up 
new research centres and develop new treatments for 
addiction

• £31m for the Life Sciences Innovative Manufacturing 
Fund

•£154m for upgrading the UK Biobank to meet increasing 
demand for this world leading biomedical research 
database





One Health is an integrated, unifying 
approach that aims to sustainably balance 
and optimize the health of people, animals 
and ecosystems.

It recognizes that the health of humans, 
domestic and wild animals, plants, and the 
wider environment (including ecosystems) are 
closely linked and interdependent.



Seed dispersal and reforestation

pollinators

Insect control

Source: Bat Conservation Trust

Madagascar
Monitoring 

endangered birds

Cabo Verde
Monitoring 

endangered birds 
Founded 

conservation NGO

Hungary
Restoring grasslands for 

insects and birds
Protecting nesting birds§ Assessing population level impacts of urbanisation and 

lighting  on bats in the UK and Africa
§ Using socio-cultural-ecological approaches to understand 

human wildlife conflict  (HWC) in urban areas

§ Working with Natural England and North 
Somerset Council – informing national 
planning policy and bat species legislation

§ Creating national guidance for lighting 
industry for bats and lighting (ILP, TRT Lighting 
Ltd)

§ Improved wellbeing for communities living 
with bats through mitigation of HWC

Protecting ecosystems:  Ecology  and Conservation

Emma Stone

Tamas Szekely



Treehugger.com

orangutanfoundation.org

Metschnikowia pulcherrima (Mp) – naturally 
occurring environmental yeast

• Accumulates lipids with good chemical 
profiles (e.g. Palm-like)

Adaptive laboratory evolution nearly doubled 
lipid yield to above 40%

Successful scale-up 
for industry

Sustainable Alternatives to Palm Oil: adaptive evolution 

Chris Chuck – Dept of Chemical Engineering

Daniel Henk



The Guardian June 2023

Paul de Bank (Dept Life Sciences)

Marianne Ellis (Dept Chem. 
Engineering)

• Cultured meat has the potential for a massive
reduction in the climate impact of industrial farming

• take muscle cell samples from livestock and grow 
them on a large scale

• Challenge: how can the aligned muscle fibres found in natural 
meat be replicated in culture?

• Solution: grow cultured muscle cells on a scaffold that provides 
suitable physical guidance 

• Challenge: scaffold needs to be renewable and 
edible to enable scalable culture

• Solution: decellularized grass

Sustainable Alternatives to meat production: cultured muscle



Exploiting evolutionary genetics to control pesticide resistance

Jason Wolf

Phil Madgwick

𝑻𝒎𝒊𝒙 =
𝐥𝐨𝐠

𝒇𝑨,𝑻 𝟏 − 𝒇𝑨,𝟎
𝟏 − 𝒇𝑨,𝑻

𝐥𝐨𝐠 𝟏 −𝒎
𝟏 −𝒎

The time it takes for resistance emergence is a key determinant of 
pesticide sustainability

• Develop optimal pest control strategies by combing 
evolutionary genetics theory and computational genomics

Global health
Malaria control 

Sustainable agriculture
Prevent pest control failure



• use genomics to understand and manage the  
spread of antibiotic resistant bacterial 
pathogens of humans and  animals. 

• focus on non-clinical (‘One-Health’) settings, in 
both high-and low-income countries

• ongoing project  understanding the diversity 
and spread of E. coli and Klebsiella plasmids

Ed Feil

Tracking evolution and spread of antibiotic resistance 

Gozalez-Ferrer et al (2021) Infection & Immunity 



•  Pre and Post PCV isolation
Supplemented with historical isolates

•  IPD and carriage
focus on IPD

•  Children and adults
Focus on children

•  Global spread
Focus on developing countries

•  8,000 isolates already allocated
12,000 to be sourced   

GPS aims to capture changes in the global pneumococcal population in 
response to the introduction of pneumococcal conjugate vaccines (PCV). 

We will sequence the genomes of 20,000 pneumococcal isolates collected around the 
world before and after PCV implementation. Analysis of the genomic data will be 
performed to understand how the starting populations differ between regions and how 
these differences impact on the patterns of adaptation to vaccine.

These data will be crucial to assessing the likely trajectory of PCV efficacy in the 
future and will inform global pneumococcal vaccine strategy.

  Get Involved

GPS
The Global Pneumococcal Sequencing project

Email GlobalPneumoSeq@gmail.com

Follow GPS on twitter 
@pneumowatch

GPS sampling

Recruiting now
Do you have contemporaneous samples from an 
underrepresented region?

•  Sequencing paid for by GPS
•  Instant access to your samples data
•  Web interfaces to allow intuitive viewing and 

analysis without the need for bioinformatics or 
programming expertise

Streptococcus pneumoniae

• Leading cause of community acquired 

pneumonia and meningitis in young children

• Pneumococcal conjugate vaccine

• Vaccine escape due to expansion of 

preexisting strains and novel recombinants 
§ Largest genome project of a single bacterial species (>26,000 

genomes across 60 countries)

§ Established a genomic definition of pneumococcal lineages

§ First exemplar to use genomic surveillance finding to guide 

inclusion of  serotype 24F in the upcoming 25-valent 

pneumococcal conjugate vaccine

§ Identified pneumococcal lineages mediate vaccine escape 
at global and country level 

Stephanie Lo

Global genomic surveillance to understand vaccine impact



The World Health Organization (WHO) has identified vaccine 
hesitancy as one of the biggest threats to global health.

Vaccine safety and effectiveness

Vaccine access and 
inequalities in coverage

Methodology for using 
real-world data and 

addressing bias

(e.g. shingles, maternal pertussis and 
influenza, and COVID-19 vaccines)

Research with impact: COVID-19 vaccine prioritisation 

Ø Led and collaborated on studies of factors associated with COVID-19 
mortality
Ø Briefed the JCVI on UK COVID-19 vaccine prioritisation, supporting an 
age-based approach and definition of high-risk groups (Dec 2020)
Ø Co-led research on risk of severe COVID-19 for people with learning 
disability
Ø COVID-19 vaccine prioritised to everyone on the learning disability 
register in the UK (Feb 2021)

Helen McDonald

Vaccine epidemiology using real-world data



Gram-negative bacteria cause a range of infections in healthcare settings, such as pneumonia, 
bloodstream infections, wound/surgical site infections and meningitis. They are increasingly resistant 
to most available antibiotics, including b-lactams (eg. Penicillins)

Catherine takes an integrated approach of 
microbiology, biochemistry, protein structure and 
biomolecular simulation to investigate the key factors 
that govern β-lactam binding, activity and mechanism 
within targets (penicillin binding proteins) and 
resistance enzymes (β-lactamases).

Hybrid Quantum Mechanics/ 
Molecular Mechanics simulations Identification of activity/inhibition 

determinants

The detailed mechanistic understanding can inform 
new strategies to combat β-lactam failure.

Catherine Tooke

Antibiotic action and resistance in Gram-negative bacteria



Staphylococcus aureus 
infections

FphF – a serine hydrolase 
virulence factor
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Scott Lovell

S. aureus is the primary 
cause of infective 
endocarditis. New tools 
to treat antibiotic-
resistant endocarditis 
infections are urgently 
needed. 

• FphF is a serine hydrolase virulence factor expressed on the 
surface of S. aureus cells. Its role in infection and its accessibility 
make it an excellent drug target

• Screening a billion-member covalent macrocycle libraries has 
yielded a highly specific nanomolar inhibitor of FphF

• Covalent macrocycles can act as potent inhibitors of individual 
protease targets with minimal off-target toxicity

Overcoming  Antibiotic Resistance using Covalent Macrocycles



Transcription factor dysfunction leads to a range of non-communicable diseases 
including cancer, diabetes and cardiovascular disease, as well as chronic inflammatory 
diseases such as rheumatoid arthritis and multiple sclerosis 

The TBS Platform allows the efficient 
screening and identification of peptide-
based antagonists that can inhibit disease-
relevant targets with high affinity and 
specificity by inhibiting the protein-protein 
interactions (PPIs) that targets require for 
function.

Jody Mason

Novel therapeutics: peptide-based antagonists



Hendrik Leusch 

Using zebrafish to screen for novel bioactive compounds

Philip Ingham
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Research

• parasitism and symbiosis in ecosystems and human health

• sustainable therapeutics 

Centre of excellence for:

Education

Centre of excellence for:

• pedagogic innovation 

• evolution, biodiversity and sustainability

• next-generation pharmacy

• synthetic biology

The Department of Life Sciences in 2028

• pathogen surveillance

• biodiversity and conservation



Thank You for Listening


