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Experimental Cancer Genetics
David Adams

Outline
Our primary interest is in using the
mouse as an experimental organism
to identify and characterise genes
involved in human diseases,
particularly cancer.

Screens for cancer genes
Cancer occurs when there is an
accumulation of genetic damage
that confers a selective advantage
on a cell allowing it to evade
growth control checkpoints.
Uncontrolled expansion of these
'mutant cells' ultimately results in
tumour formation. While some of
the key molecular events involved in
tumourigenesis are known, there is
still much work to be done to
identify potential new diagnostic
and therapeutic targets.

Insertional mutagens can be utilized
to generate tumours in mice by
mimicking the successive
accumulation of genetic 'lesions'
that characterize malignant
progression in human cancer. There
are several technologies that can be
used for insertional mutagenesis in
the mouse, including viral- and
transposon-based systems. Viral-
based systems include slow-
transforming retroviruses such as
the Moloney murine leukaemia
virus (MMLV) and the mammary
transforming virus (MMTV) which
induce leukaemia/lymphoma and
mammary tumours, respectively.
Complimentary to these viruses is
the newly available Sleeping Beauty
transposon mutagenesis system,
with the advantage that
transposons allow access to more of
the genome and can potentially be

used in a broader range of tissues
than can retroviruses.

We have been utilizing the Sanger
Institute’s strengths in DNA
sequencing and informatics to
perform high-throughput profiling
of 'tags' taken from mice with
tumours to identify the genes
disrupted or activated during
insertional mutagenesis, and hence
gain clues on the mechanism by
which these malignancies have
evolved. By performing these studies
on a large scale we hope to be able
to map entire cancer pathways and
perform saturating mutagenesis. We
are also performing screens for
candidate cancer pathway genes in
the worm in collaboration with
Andrew Fraser (Team 37) and then
validating these genes in the mouse
by gene targeting and by using in
vitro assays.

Mouse models
We have previously developed
several knockout models of genes
implicated in tumour formation,
and we are currently in the process
of systematically analyzing these
knockouts to determine if they are
tumour prone.

While our focus is on the
identification and characterization
of genes involved in cancer
formation by serendipity some of
the models we have developed
have other phenotypes. At present
members of the group are
characterising knockout mice that
have phenotypes including
infertility, fetal overgrowth and
developmental defects.

Resource development
projects
We have been involved in the
development of several key
resources for the mouse research
community. Resources we have
developed previously include the
Mutagenic Insertion and
Chromosome Engineering resource
(MICER), which is a genome-wide
collection of targeting vectors for
chromosome engineering and gene-
targeting, a 129 BAC library for
targeting vector construction and
several bioinformatics tools for the
analysis of genetic variation in the
mouse. We are currently in the
process of developing systems for
performing genetic rescue screens
in the mouse and mice carrying
engineered chromosomes.

Research

Rassf1a knockout mice generated by the group are tumour prone and
develop a range of tumour types. From: van der Weyden L et al. (2005) The
RASSF1A isoform of RASSF1 promotes microtubule stability and suppresses
tumorigenesis. Mol Cell Biol. 25: 8356–67
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Training and collaboration
The research environment of the group
offers opportunities for training and
collaboration for individuals with an
interest in mouse genetics,
bioinformatics and cancer genetics.
Students and Post-Docs are
encouraged to develop independent

projects in an active and supportive
research environment. We also have
established collaborations with other
groups in Cambridge, The Netherlands
and in the USA. PhD training positions
are organised by the Sanger Institute
PhD programme and candidates
interested in Post-Doctoral positions

and Research Assistant positions can
contact the laboratory directly
(da1@sanger.ac.uk). The lab has
interactions with other groups in the
Sanger Institute (Ensembl, Sequencing,
Team 71, Team 82 and the Cancer
Genome Project).

Key Collaborators

• Andrew Fraser. The Wellcome Trust Sanger Institute

• Anton Bern, Jos Jonkers, Jaap Kool, Anthony Uren &
Maarten van Lohuizen. Netherlands Cancer Institute (NKI)

• Lara Collier and David Largaespada. University of
Minnesota, USA

• Richard Wade-Martins. University of Oxford, UK

• Mike Gonzalez and Ron Laskey. Hutchinson-MRC.
Cambridge, UK.

• David Tuveson Cancer Research UK Cambridge Research
Institute, UK

3.5-day-old mouse embryos from genetically
modified mice.

3.5-day-old mouse embryo (blastocyst) stained to
show its DNA-containing cells.

Selected publications

• Cunningham F et al. (2006) TranscriptSNPView: a genome-
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• Gonzalez MA et al. (2006) Geminin is essential to prevent
endoreduplication and to form pluripotent cells during
mammalian development. Genes Dev. 20: 1880–4

• van der Weyden L et al. (2006) Functional knockout of the
matrilin-3 gene causes premature chondrocyte maturation to
hypertrophy and increases bone mineral density and
osteoarthritis. Am. J. Pathol. 169: 515–27

• van der Weyden L et al. (2006) Loss of TSLC1 causes male
infertility due to a defect at the spermatid stage of
spermatogenesis. Mol. Cell. Biol. 26: 3595–609
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Metabolic Diseases: Obesity and
Type 2 Diabetes. Inês Barroso

Background
Type 2 diabetes and obesity are
complex disorders whose
prevalence has reached epidemic
proportions. In 1985 the number of
individuals with type 2 diabetes
worldwide was 30 million, the more
recent number is 150 million, and
in the next 20 or so years this
disease is expected to double in
prevalence to 300 million. The
increase in the number of subjects
with diabetes will not be confined
to the Western world and in fact it
is expected that most of the rise in
prevalence will come from
developing countries. Traditionally
thought of as a disease of old age,
troublingly it is on the rise in
younger age groups. This increase is
the result of lifestyle and dietary
changes over the last few decades
acting on a background of genes
that have evolved in an
environment where diet and
physical activity where very different
from today. These changes have led
to a rapid rise in the prevalence of
obesity which has been paralleled
by a rise in diabetes prevalence.
Because of the complex interaction
between environment and genes,
identifying genes with a role in the
susceptibility to these diseases has
been a difficult task. However
significant progress has recently
been made in particular in the
identification of genes with a role in
predisposition to type 2 diabetes.

Our aim is to understand the
genetic aetiology of type 2 diabetes
and obesity. The knowledge of
genetic predisposition is important
to help those at high risk for these
disorders to develop healthier

lifestyles and to avoid risky
behaviours (such as high fat diets).
It can also lead to the development
of better drugs that work in each
affected individual.

Approach
Our studies utilise sequencing of
candidate genes in patients with
extreme phenotype diseases
(morbid childhood obesity, maturity
onset diabetes of the young
– MODY – and syndromes of
insulin resistance) to identify rare
DNA variants that cause these
diseases. Candidate genes are
chosen based on knowledge of the
disease and of pathways involved in
glucose metabolism and feeding
behaviour. Extreme phenotypes may
be genetically simpler than the
more common complex diseases of
obesity and type 2 diabetes,
facilitating the identification of the
underlying genes. Identifying
mutations leading to these extreme
forms of disease will not only help
those affected individuals but
provides important information
regarding critical pathways with a
role in glucose and energy balance.
Sequencing of candidate genes also
identifies common DNA variants
that can be tested for a role in
susceptibility to common disease.
The effect of these variants on
common disease predisposition and
on quantitative traits of
physiological relevance to obesity
and type 2 diabetes is assessed by
association studies of large well
characterised populations. To
complement these candidate gene
studies we also perform association
studies across regions previously
linked to disease, and genome-wide

association studies which will allow
us to use an unbiased approach to
study obesity and metabolic
quantitative traits.

Future
“Back to biology” is the approach
once associations between DNA
variants and disease susceptibility
have been identified. To further the
knowledge from a statistical
association to a biologically relevant
finding it is imperative to determine
the functional implications of those
variants in terms of protein
structure, activity and action in vivo.
To functionally evaluate those genes
with genetic and statistical
associations with disease will be the
next great challenge in complex
disease. The ultimate aim will be to
elucidate how those variants are
acting at the cellular and
organismal level to increase
individual predisposition to disease.

Research
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Prevalence of Diabetes Worldwide. By 2025 the number diabetes cases will
have increased approximately tenfold compared to values for 1985.
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Collaborations
A substantial amount of our
research is conducted as part of a
fully integrated collaborative effort -
GEM consortium (Genetics of
Energy Metabolism) with the
groups of Steve O’Rahilly
(Cambridge University) and Nick

Wareham (MRC Epidemiology Unit)
We also collaborate with Andrew
Hattersley (Peninsula Medical
School), Mark McCarthy (Oxford
University), Alan Permutt
(Washington University in St. Louis)
and Benjamin Glaser (Hadassah-
Hebrew University Medical Center)

Diabesity: EU FPVI Integrated Project
(LSH-CT2003-503041); 27 partners
from 24 European Institutions

InterAct: EU FPVI Integrated Project
(LSHM-CT-2006-037197); 36
partners from 30 European
Institutions

Selected publications

• Sandhu MS et al. (2007) WFS1 is a type 2 diabetes
susceptibility gene. Nat. Genet. 39: 951-3

• Farooqi IS et al. (2007) Clinical and Molecular Genetic
Spectrum of Congenital Leptin Receptor Deficiency.
N. Engl. J. Med. 356: 237-47.

• George S et al. (2004) A Family with Severe Insulin Resistance
and Diabetes due to a Mutation in AKT2.
Science 304: 1325-8.

Candidate Genes

Follow-up Linkage Signals

Genome-wide Association
Studies

Phase 1 - Genotyping 675K
SNPs in 1000’s Samples

Phase II - Replication Best 5-20% SNPs

Phase II - Replication Best 5-20% SNPs

Phase III & IV Fine-mapping; Convincing Stats;
Causative Variant

Genes Predisposing
Common Disease

Phase V - Functional Biology

Phase I - Genotyping SNPs in
1000s of Samples
e.g. Chr20 Exp
(~ 4600 SNPs, ~2400 DNAs) 

Mutation Screening:
- Severe Insulin Resistance;
- Morbid Chilshood Obesity;
- MODY

Association Studies:
- Type 2 Diabetes Case Control;
- Obesity Case-Control;
- Quantitative Traits

Family Co-Segregation Functional Biology

Genes involved in
Extreme Phenotypes

Approaches taken by the Metabolic
Disease Group
Boxes in red represent re-sequencing of

candidate genes in subjects with extreme

phenotypes. These studies identify a

number of rare DNA variants which are

investigated for their role in extreme

phenotypes by co-segregation and

functional studies. The aim is to identify

novel genes involved in these extreme

phenotypes. Common variants in

candidate genes can also be tested for

association with common disease (orange

box and arrows). In parallel, represented

by the yellow and green boxes are high

throughput association studies that target

common variants and common disease.

These studies scan the genome for

common variation and evaluate the role

of this variation in conferring risk to

common disease, obesity and type 2

diabetes. Genes with common variants

associated with common disease may

subsequently be tested for their role in

extreme phenotypes.
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Protein and RNA Families
Alex Bateman

Research Profile
The goal of the Bateman group is
to provide complete and accurate
classifications of proteins and RNAs.
We aim to infer biological
knowledge and accurately transfer
this information to large data sets
such as complete genomes. The
research of the group is currently
focused in two areas.

Protein and RNA family
databases: Pfam, MEROPS
and Rfam
In recent years it has been realised
that the millions of proteins in
nature can be organised into just a
few thousand protein families. The
Pfam database is an attempt to
organise proteins into a library of
protein families, providing a
'periodic table' of biology. It consists
of a large collection of alignments
and profile-HMMs (1), currently
amounting to over 8000 families
that match to over 75% of known
proteins. Pfam is used around the
world to help annotate complete
genomes such as the Worm, Fly and
Human genomes. The group
includes the MEROPS database (2)

that focuses on the classification of
peptidases and provides the
worldwide standard nomenclature
for these proteins.
We have created Rfam (3), the first
collection of non-coding RNA
(ncRNA) families. We use covariance
models to find new ncRNA genes in
the nucleotide databases. Currently
we have over 500 families of non-
codingRNAs recorded.

Discovery of novel
protein families
The classification of novel protein
families continues to be a key way
of transferring experimental results
to new genomic data (4). This
group has published many novel
domains such as the SIS and PAZ
domain. From this work we
predicted that the Dicer protein
would be the dsRNA nuclease
involved in RNAi some months
before this was experimentally
demonstrated. We also published a
novel β-lactam binding module
called the PASTA domain found in
bacterial cell surface receptors and
the penicillin binding proteins.

Research

Figure 2. Stereoview of the PASTA domain binding to a
β-lactam antibiotic.

Figure 1. A typical Pfam family page.

Selected publications

1. Finn RD et al. (2006) Pfam: clans, web tools and services.
Nucleic Acids Res. 34: D247–51

2. Rawlings ND, Morton FR and Barrett AJ (2006) MEROPS: the
peptidase database. Nucleic Acids Res. 34: D270–72

3. Griffiths-Jones S et al. (2005) Rfam: annotating non-coding
RNAs in complete genomes. Nucleic Acids Res. 33: D121–24

4. Bateman A and Birney E (2000)
Adv. Protein Chem. 54: 137–57
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Mouse Genomics
Allan Bradley

Background
The human genome project has
identified and structurally defined
approximately 20,000 genes, yet
the role of most of these genes in
development, physiology and
disease is poorly understood. The
Mouse Genomics laboratory has
two major themes. The first theme,
which we have actively pursued
over the last two decades, is the
development genetic technologies
to enhance our ability to perform
genetic analysis of the mouse
genome. The second theme has
been to deploy these technologies
to investigate the biological
function of genes by generating
and analysing mutations in the
mouse germ line, in somatic tissues
or in embryonic stem (ES) cells in
culture. The specific context
depends on the biological question.

Development of genetic
technologies
The isolation of ES cells and the
realisation that these cells can
colonise the germ line of chimaeric
mice established a route to modify
the mouse genome in a highly
specific way. We have devised
efficient methods to make
mutations in ES cells ranging from
point mutations in single genes to
the engineering of multi-megabase
deletions, duplications and
chromosomal inversions. One
important innovation has been the
development of ES cells and mice
carrying mutations in the Blm gene
(Luo et al., 2000). Studies on this
mouse have revealed an
extraordinary high level of sister
chromatid exchange, see figure,
and loss of heterozygosity (LOH)
which occurs through mitotic
recombination which causes these
cells to convert heterozygous

mutations to homozygosity at a
very high frequency. This genetic
background facilitates the
generation of bi-alleleic mutations
in somatic tissues in mice and in ES
cell lines.

Genetic screens in ES cells
and mice
In Blm-deficient ES cells we are
using retroviral and transposon
based insertional gene-trap
mutagenesis methods to generate
libraries for a variety of genetic
screens. We have used this cell line
to directly select mutants with
defects in the DNA mismatch repair
(MMR) pathway (Guo et al., 2004).
We have also recently identified
mutations in genes which interfere
with retroviral infection, such genes
are potentially important targets for
pharmaceutical intervention in
modulating diseases caused by
viruses (Wang et al., 2007).

Research

Chimaeric mouse with pigmented tissue derived from injected ES cells
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host factors required for retroviral infection in a library of
insertionally mutated Blm-deficient embryonic stem cells.
Genome Biol. 8: R48

• Yu YE et al. (2006) A deficiency in the region homologous to
human 17q21.33-q23.2 causes heart defects in mice. Genetics
173: 297–307

• Guo G, Wang W and Bradley A. (2004) Mismatch repair
genes identified using genetic screens in Blm-deficient
embryonic stem cells. Nature 429: 891–5

• Luo G et al. (2000) Cancer predisposition caused by elevated
mitotic recombination in Bloom mice. Nat. Genet 26: 424–9

The Blm-deficient mouse offers an
opportunity to conduct genome
wide screens to identify tumour
suppressor genes. We are using two
different methods to generate
mutations in mice. One method is
gamma irradiation, which induces
large deletions. These can be
identified in tumour DNA using
comparative genomic hybridisation
(CGH) on high resolution genomic
arrays. Alternatively, we are
mobilizing DNA transposons to
induce insertional mutations. While
array CGH detects homozygous
deletions and allows us to localize a
region of interest, the identification
of common transposon insertion
sites enables us to pinpoint tumour
suppressor genes.

Analysis of gene function
The laboratory has been involved in
interrogation of gene function in
vivo for many years. The themes for
these projects vary from the analysis
of single genes to the genetic
dissection of large regions of the
genome. We have worked on many
classes of genes involved in many
different biological processes
ranging from embryonic
development to the control of
circadian rhythms. While we
typically select genes for these
projects based on some feature of
the gene product such as
expression pattern, the
characteristics of the mutants are
often a surprise to us. One recent
example of the analysis of a single
gene was the analysis of the

function of Bic, a microRNA gene
(Rodriuez et al., 2007) which had
an immune deficiency. We are also
using mice to identify the gene(s)
responsible for human deletion
syndromes. A recent example was
the analysis of a region of human
chromosome 17 which is associated
with developmental defects
affecting the heart and the
oesophagus. By making mice with
the same deletion found in human
patients we could recreate the
human phenotype (Yu et al., 2006).
This provides an excellent starting
point to genetically dissect the
region by making smaller deletions
which will eventually enable us to
identify the relevant gene.

High frequency of
sister chromatid
exchange in Blm-
deficient ES cells

Microinjection of ES
cells into a 3.5-day-
old blastocyst
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Molecular Cytogenetics
Nigel Carter

My research interests have focused
on applications of molecular
cytogenetics particularly in relation
to normal human copy number
variation, human disease,
mammalian karyotype evolution
and chromosome organization and
structure. Our main tools include
fluorescence in situ hybridization
(FISH), chromosome flow sorting,
and the use of DNA microarrays
with comparative genomic
hybridization (array-CGH).
We have used FISH since the
beginning of the Sanger Institute to
support the generation of
sequence-ready large insert clone
maps including those used in

sequencing the human genome.
Currently, we have developed multi-
colour methods to enable us to
identify zebrafish chromosomes
(which are much smaller than
mammalian chromosomes)
unequivocally and so enable us to
position unmapped clones onto
the genome.

Underpinning much of the research
in my group has been the
development of array-CGH. We
have been able to utilise the clone
resources generated during the
sequencing of the human genome
to develop DNA microarrays for
detecting genomic copy number

changes. We have recently
constructed a large-insert clone
DNA microarray covering the entire
human genome in tiling path
resolution which we have used for
various studies including the
identification of copy number
variation in human populations1 and
the detection of genomic gains and
losses in single cells2. Using ultra-
high resolution oligonucleotide
arrays and flow sorting of derivative
chromosomes we have further
developed the method of array-
painting to enable us to map and
sequence balanced translocation
breakpoints efficiently and rapidly3.

Research

Figure 1. Metaphase chromosomes and interphase nucleus of the zebrafish
(Danio rerio, 2n = 50), after fluorescence in situ hybridisation with a probe
pool of 46 bacterial artificial chromosomes (BAC) clones, each labelled in
one of three colours

Figure 2. Ultra-high-resolution array painting of a translocation between
chromosome 17 and 22. The transition point on the graphs between high
and low ratios identifies the breakpoints to within 55 bp for the derivative
chromosome 17 (top graph) and 277 bp for the derivative chromosome 22
(bottom graph)
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• Fiegler H et al. (2007) High resolution array-CGH analysis of
single cells. Nucleic Acids Res. 35: e15

• Gribble SM et al. (2007) Ultra-high resolution array painting
facilitates breakpoint sequencing. J. Med. Genet. 44: 51–8

• Redon R et al. (2006) Global variation in copy number in the
human genome. Nature 444: 444–54

Figure 3. A world map showing the location of members of the
DECIPHER Consortium.

A major use of the array-CGH
technology has been to identify in
patients with congenital
abnormalities and/or learning
disability copy number changes that
are associated with genomic
disorder. These changes are often
small and rare such that
international collaboration is needed
to identify similar cases. We have
developed a clinical database called
DECIPHER which allows clinicians
and researchers using array-CGH to

submit their results and share
findings over the internet
(http://www.sanger.ac.uk/
PostGenomics/decipher/). DECIPHER
has already facilitated the
identification of new disease
syndromes and susceptibility loci
and will become more useful and
powerful as the database grows.
Over 80 major clinical laboratories
worldwide and now members of
the DECIPHER consortium.
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Genetics of Complex Traits in Humans
Panos Deloukas

The genome sequence provides the
basis to examine both the extent of
sequence variation in human
populations and the functional
consequences of specific variants in
their contribution to complex traits
including common disease and
response to external stimuli (e.g.
drugs). To this end we have made
contributions first to the Human
Genome Project by assembling the
sequence map of chromosomes 10
and 20 and then to the
International HapMap project by
building SNP maps for quarter of
the genome in four populations.
The study of the genetic
architecture of the genome in
human populations (e.g linkage
disequilibrium, recombination and
selection) is an active area
of research.

The availability of resources like the
HapMap with over four million
mapped variants coupled with
advances in array technology have
enabled the conduct of large-scale
association studies to identify
disease genes. We have set up a
high-throughput facility for
genotyping and expression analysis
undertaking genetic studies of
common diseases such as type 2
diabetes, cardiovascular, obesity and
malaria as well as pharmacogenetic
studies of the anticoagulant
drug warfarin.

Whole genome association studies
in large, well-phenotyped
collections are finding disease
genes; we have reported several
new loci as part of the Wellcome
Trust Case Control Consortium
(www.wtccc.org.uk). Population
samples of healthy individuals on
which multiple phenotypic
measurements have been collected
offer a unique resource to map
quantitative traits. In that context
gene expression can also be
analysed providing a further link
between genotype and measured
trait. Research interests evolve
around both the technical and
analytical optimization of such
studies as well as the deployment of
molecular tools to further
characterize the genomic regions
resulting from them; identification
of the actual causative variant
requires functional analyses. The
challenge in understanding the
basis of complex traits includes
finding the environmental factors
and how they interact with the
genetic factors.

Research

Scan of an individual's DNA with an array harbouring a genome wide set of
550,000 tag SNP markers (Illumina).
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Population and Comparative Genomics
Manolis Dermitzakis

I have a strong interest in
population genetics and
comparative genomics. We are
using various methodologies to
understand the role of genetic
variation in phenotypic variation.
We also aim to understand what
fraction of genetic variation is
harboured within functional
elements of the human genome,
mainly non-genic, and develop
methodologies for their efficient
identification. The high-throughput
infrastructure of The Sanger
Institute allows our lab to generate
and analyze large amounts of data
in order to perform high resolution
analysis of functional genetic
variation in the human genome.

My group focuses on the following
areas of research:
? Genome-wide analysis of

gene expression variation in
the human genome and
association with nucleotide
(mostly regulatory) variation
with a focus on disease
susceptibility genes.

We attempt to detect functional
genetic variation in regulatory
elements and subsequently use
regulatory variation and
accurately measured gene
expression variation to bridge the
genotype with disease
phenotypes in association
studies.

? Comparative analysis of the
human genome to identify
functional genomic variation.
We use comparative sequence
analysis and develop statistical
tools to discriminate between
different functional categories of
conserved non-genic sequences
in the human genome. This
process is assisted by feedback
from experimental data
generated in collaboration with
labs within Sanger and outside.
In addition, we will try to
determine what fraction of
genetic variation is found
within them.

? Plasmodium sequence
variation. We are analyzing
genome-wide datasets of

sequence variation in
Plasmodium falciparum in an
attempt to identify regions and
genes of the Plasmodium
genome that have been under
selection in response to the
human immune system
and/or drugs.

Research

Selected publications
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Nature of regulatory variation (Stranger and Dermitzakis,
Human Genomics 2005).
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Microbial Pathogenesis
Gordon Dougan

Team 15 run several projects in
pathogen genetics that
complement and add value to the
Sanger Institute sequencing
programmes. The Team is headed
by Professor Gordon Dougan and
have containment facilities up to
CL3 for in vitro and in vivo
experimental work as well as
equipment for microscopy
(transmission EM, scanning EM,
confocal), FACS, mass spectrometry
and tissue culture.
The faculty programme focuses on
interactions between Salmonella
enterica and the mammalian host
and exploits in vitro and in vivo
model systems alongside clinical
investigations. The team are

developing tools to facilitate the
analysis of the evolution and
epidemiology of typhoid and are
applying these in the field through
collaborations with groups working
in typhoid endemic countries. They
also have a gene KO programme in
S. Typhi and are using expression
profiling and proteomic approaches
to analyse this pathogen and
monitor responses in the infected
host. The Typhi project is linked to
efforts to develop novel oral
typhoid vaccines.
Core programmes interact with
other Sanger Institute groups
including the pathogen sequencing
unit and the murine ES cell KO
group. The Sanger Institute is

currently generating thousands if ES
mutants and pathogens are being
exploited to interrogate these
knockouts as part of a large-scale
mouse phenotyping programme. ES
cells subjected to random
mutagenesis are also directly
infected with pathogens or toxins
to identify murine genes that
contribute to the infection process.
Additionally, Team 15 also
contribute expertise on microbial
populations/communities,
bacteriophage and plasmid biology
to the Sanger Institute sequencing
efforts. External support includes
grants from Genome Canada,
Gates and the EU.

Research

Selected publications

• Baker S et al. (2007) A novel linear plasmid mediates flagellar
variation in Salmonella Typhi PLOS Pathogens 3: e59
doi:10.1371/journal.ppat.0030059

• Hale C et al. (2006) Evaluation of a novel Vi conjugate
vaccine in a murine model of salmonellosis.
Vaccine 24: 4312–20

• Roumagnac P et al. (2006) Evolutionary history of Salmonella
typhi. Science 314: 1301–4

Salmonella typhi infection in the gut is aided by highly
motile and ubiquitous flagella, seen here in electron
micrograph (left) and fluorescence (right), which direct
the cells towards phagocytosis into the host cells.

Enteropathogenic E. coli forms actin pedestals (here on the surface of
hep2 cells) to aid anchorage and colonisation in the gut. Electron
micrograph (left) and fluorescence image (right).
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Genome Informatics
Richard Durbin

Genome variation
New DNA sequencing technologies
will increase the throughput of
sequencing by two orders of
magnitude. Using them we will
sequence hundreds of individuals.
The primary new research focus of
the group concerns the collection
and analysis of this data, in
combination with genotyping data.
In collaboration with Professor Ed
Louis of Nottingham University we
have developed an efficient
approach to allow sequencing 70
yeast strains
(http://www.sanger.ac.uk/Teams/
Team71/durbin/sgrp/), giving an
unprecedented view into microbial
genomic evolution. With
collaborators in the Sanger Institute
we are now scaling this up to
sequence hundreds of human
genomes, using very high-
throughput short-read data from
the next generation sequencing
instruments now
becoming available.

To enable us to do this, we are
developing computationally efficient
and statistically powerful ways to
analyse population sequence
variation from noisy data. One
approach is based on heuristic
reconstructions of Ancestral
Recombination Graphs (ARGs).
These describe the tree that relates
individuals at each position in the
genome, analogous to the
phylogenetic tree, and how these
trees vary as one moves along the
chromosome, because of ancestral
recombination events. We have
shown using both simulated and
real data how these inferred ARGs
can improve fine mapping in disease

association studies, and also how
they can help integrate low
coverage sequence data from many
individuals. We are aiming to apply
these approaches to human and
pathogen data.

TreeFam and protein
family evolution
Previous research in the group
concerned computational
methodology for genome sequence
analysis, specifically for gene finding
and protein sequence family
analysis, and genome databases. A

major continuing project arising
from this is the TreeFam database
www.treefam.org in collaboration
with Jun Wang’s group at the
Beijing Genome Institute. TreeFam is
a curated resource of gene trees for
all animal genes, and hence of
orthologues, which provides a
powerful foundation for the
systematic study of the molecular
evolution of genes in animals.

Other activities
Other projects that we are involved
in include contributions to the

Research

An inferred ancestral tree relating 31 S. cerevisiae strains at a single polymorphic position on chromosome 6.
Raw and post-imputation base calls with confidence scores are shown.



Wellcome Trust Sanger Institute
Tel: +44 (0)1223 834244
Fax: +44 (0)1223 494919
www.sanger.ac.uk

Press and PR office
Tel: +44 (0)1223 496928
press.officer@sanger.ac.uk

WormBase model organism
database for C. elegans
www.wormbase.org, the MitoCheck
study of mitosis regulation in human
cells www.mitocheck.org, and I
continue some level of involvement
in the Ensembl resource for
vertebrate genome annotation
www.ensembl.org, the ACEDB
genome database www.acedb.org
and the Pfam database of protein
domain families
www.sanger.ac.uk/Pfam.

Some of my interests in theoretical
aspects of sequence analysis are
covered in the book Biological
Sequence Analysis written with Sean
Eddy, Anders Krogh and Graeme
Mitchison, published by Cambridge
University Press (1998).

Selected publications

• Minichiello M and Durbin R (2006) Mapping trait loci using
inferred ancestral recombination graphs.
Am. J. Hum. Genet. 79: 910–22

• Li H et al. (2006) TreeFam: a curated database of
phylogenetic trees of animal gene families.
Nucleic Acids Res. 34: D572–80

• Carter DM and Durbin R (2006) Vertebrate gene finding from
multiple-species alignments using a two-level strategy.
Genome Biol. 7: S6

The TreeFam web page for the Cyclin G/I family.
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Computational and Functional Genomics
Anton Enright

Outline
Complete genome sequencing
projects are generating enormous
amounts of data. Although
progress has been rapid, a large
proportion of genes in any given
genome are either un-annotated or
possess a poorly characterised
function. The goal of our laboratory
is to predict and describe the
functions of genes, proteins,
regulatory RNAs and their
interactions in living organisms.

The lab is entirely computational
and our work involves the
development of algorithms,
protocols and datasets for
functional genomics. Our research
currently focuses on three core
areas: the prediction of small RNA
regulatory targets, analysis and
visualisation of biological networks
and the prediction of
physical/functional interactions
between proteins. We actively
collaborate with experimental labs
to validate and expand our
computational predictions.

Decoding microRNA
function and regulation
The recent discovery of widespread
translational regulation by
microRNAs (miRNAs) highlights the
enormous diversity and complexity
of gene regulation in living systems
and the need for computational
techniques to help understand
these systems. We develop the
miRanda algorithm for miRNA
target detection. Recently, we have
predicted large-scale miRNA-target

networks for mammalian, fish and
insect genomes using the miRanda
algorithm and cross-species
sequence analysis as part of the
miRBase database. The lab will
continue to develop and improve
methods for computational
detection of miRNA target sites to
investigate other possible aspects of
miRNA target specificity and
function, including sequence and
structural motifs and evolution of
miRNAs and their binding sites.

Network analysis
and clustering
Network analysis aims to describe
the function of a gene or protein by
placing it in a network context.
Such networks typically consist of:
protein similarities, physical
interactions, genetic interactions,
co-expression or a combination of
these and other data. Such data are
typically large-scale and noisy,
causing problems for
subsequent analysis.

We use sequence clustering
methods to overcome these
problems and group genes/proteins
together based on shared network
context. The Markov Cluster
Algorithm (MCL) developed by Stijn
van Dongen, is exceptionally fast
and accurate enough for large-scale
graph clustering of many hundreds
of thousands of nodes. We will to
continue to develop and improve
classification approaches using MCL
in conjunction with other
techniques for large-scale, accurate
and hierarchical classification of
genes and proteins.

Visualisation of
biological data
We try to combine our ideas and
algorithms for graph-based
clustering and analysis of biological
data using visualisation tools. One
of our methods BioLayout is now
integrated with the OpenGL 3D
system for fast display of complex
graphs. A new version (BioLayout
Express 3D) is now available which
integrates this visualisation with
MCL based sequence clustering and
data mining of annotations. We
have tested this approach using
large-scale gene expression data
and it provides a fast and intuitive
interface to high-dimensional data.
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A simple four-step representation of the Markov Cluster Process on
a simple graph.


