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Summary

Somatic evolution in human blood and colon

Henry Lee-Six

All cancers were once normal cells. They became cancerous through the chance
acquisition of particular somatic mutations that gave them a selective advantage over their
neighbours. Thus, the mutations that initiate cancer occur in normal cells, and the normal clonal
dynamics of the tissue determine a mutant cell’s ability to establish a malignant clone; yet these
remain poorly understood in humans. One tissue was selected for the exploration of each of
these two facets of somatic evolution: blood for clonal dynamics; colon for mutational
processes.

Blood presents an opportunity to study normal human clonal dynamics, as clones mix
spatially and longitudinal samples can be taken. We isolated 140 single haematopoietic stem
and progenitor cells from a healthy 59 year-old and grew them in vitro into colonies that were
whole genome sequenced. Population genetics approaches were applied to this dataset,
allowing us to elucidate for the first time the number of active haematopoietic stem cells, the
rate at which clones grow and shrink, and the cellular output of stem cell clones.

Colonic epithelium is organised into crypts, at the base of which sit a small number of
stem cells. All cells in a crypt ultimately share an ancestor in one stem cell that existed recently,
and consequently share the mutations that were present in this ancestor. We exploited this
natural clonal unit, isolating single colonic crypts through laser capture microdissection. 570
colonic crypts from 42 individuals were whole genome sequenced. We describe the burden and
pattern of somatic mutations in these genomes and their variability across and within different
people, identifying some mutational processes that are ubiquitous and others that are sporadic.
Targeted sequencing of an additional 1,500 crypts allowed us to quantify the frequency of
driver mutations in normal human colon.

Together, these two studies inform on the somatic evolution of normal tissues,
describing new biology in human tissue homeostasis and providing a window into the

processes that govern cancer incidence.
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Description of contributions

This work was collaborative in nature. Here, I outline the contributions that others have

made to work presented in this dissertation. I further draw attention to their contributions at

relevant points throughout the text.

Results Chapter 1: Clonal dynamics of normal blood.

The general experimental design, as displayed in figure 1.1a, was formulated by Peter

Campbell, David Kent, and Tony Green. The bone marrow aspirate was performed by Brian

Huntly. Flow sorting of the bone marrow aspirate and culturing colonies was performed by the

Kent lab. Subsequent peripheral blood draws and flow sorting of peripheral blood were

performed by members of the Green and Kent labs.

All bioinformatic analyses were performed by me, with the following exceptions:

Sebastian Grossman ran the Shearwater and HipSTR algorithms, and most iterations of
the SCITE tree building algorithm.

Robert Osborne wrote and ran an algorithm to tabulate reads from deep sequencing of
peripheral blood.

Peter Campbell wrote the mixed effects model to separate signal from noise in the

targeted sequencing data from peripheral blood.

My contributions to the project were the following:

Contributing to decisions about which peripheral blood draws should be sequenced.
Devising the filters to clean the whole genome sequencing data and the method of
calling mutation.

Analyses of mutational signatures and embryology of blood, and the relationship
between blood cells on the phylogeny.

Conceiving the method of estimating stem cell numbers by performing a capture-
recapture experiment of different peripheral blood samples.

With substantial guidance from Peter Campbell and Kevin Dawson, writing the
approximate Bayesian computation for estimating the number of active haematopoietic

stem cells.
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Comparing the clonal contributions to granulocytes and lymphocytes.

Results Chapter 2: Mutational landscape of normal colon.

The idea of using laser capture microdissection to isolate normal crypts for sequencing

was Mike Stratton’s. Collaborators kindly provided frozen biopsies of colonic tissue. The

organoid component of this study was set up by Sam Behjati and Sophie Roerink in

collaboration with the Clevers lab, and the organoids were derived by the Clevers lab. A

protocol to sequence small amounts of laser capture microdissected material was devised by

Peter Ellis.

My contributions to the project were the following:

Designing, through discussions with Mike Stratton, the experiment in terms of the
number of crypts from each patient on which to perform targeted and whole genome
sequencing.
Setting up collaborations to obtain tissue for microdissection.
Devising a method for fixing, staining, sectioning, and dissecting crypts.
Microdissecting all the crypts.
All analyses of the crypts and organoids, including, principally:

o Calling mutations.

o Driver analysis.

o Mutational signature analysis.

o Comparisons between normal and cancer.

For both projects, conclusions are either entirely my own or have arisen through frequent

discussions over three years with many lab members, but principally Peter Campbell and Mike

Stratton.
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