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PREFACE

The existence of mutation in the genes of germinal cells has been
agreed upon and we have gone a long way towards an understanding of this.
brocess in chemical terms.

We believe that the genes of somatiticells are not fundamentally
different from the genes of germinal cells, and that mutations must ocour
in these genes. If frequencres of gene mutation in gomatic cells are in
any way comparable with those which have been studied in germinal celle,
then millions of somatic mutations must ocour every day in any individual.

If this is so then there are two possibilities. The first possibility
is that despite the frequenoy of this phenomenon there is no part of our
physiology which is upset by it, and in faot biologically it is unimportant.
The second possibility is that in the multicellular diploid organism there
are potentially serious consequences of frequent somatic mutation, that
the body may develop mechanisms to ocombat these serious consequences, and
that occasionally the organism as & whole suffers from a failure of these
mechanisms.,

Genetioiwts as a cless are very wary of discussing somatic mutation
because it does not lepd itself to the mathematioal rigors which were fore~
shadowed by the work of Mendel. This seems to be & somewhat negative
approach ~ if it is there it should be studied; a phenomenon which can be
inferred to oocour in every living person must be as worthy of attention as
for instance the soquiring of photographs of the reverse side of the moon,

If eventually somatic mutation oan be proved not to occur then a major



biological discontinuity hes been proved - between germiﬁal and somatic -
cells, If vedhnological advance makes it more and more convinoing that

gomatio mutation ocours snd is & fundamental biological phenomenon, then
the techniques of conventional genetios will undoubtedly be enriched by a

greater understanding of the mechanisms involved.



Introduotion to the Subject Matiter of the Thesis

"Somatic veriebility in mammalisn pigmentation" in the title of thim
thesis means several things - it means the patterns of skin and coat colonr
of enimals, it means pigmentary mosaicism with which an individual is horn,
and it means changes in skin colour or hair colour of a discontinuous
nature which may develop during extrauterine life, The particular cell
system under study is the melanooyte system, although only to a very limited
extent at the microscopic level, The production of a plgmentary ohange is
assumed to have a basis in altered biochemical activity of a melancoyte or
4 group of melanooytes. A limited number of sections of pigmented tissue
were studled microscopically, but in the main reliance was placed on the
very well dooumented light mioroscopic snd electron microscopic studies
which have been and are still being made in various parts of the world.

Somatic variability of pigmentation in many animals obviously has
adaptive signifiocance (eeg. giraffe, zebra) and one oan infer that evolu-
tion has brought fhis about by mechanismas of gene activation or gene
inactivation of a sort which at the present time are only just beginning
to be understood.

Setting aside this group of phenomens the thesis here recorded con-
siders that some mosaicism is ﬁot adaptive. A model system has been built
on the hypothesis that somatic and germinal mutations ocour st about
equivalent frequencies, and are probably subject to much the same laws
¢sge in relation to ionizing radimtion. The model has been applied to
certain of the mosaic phenomena in humans, and has been extended to include

the malignant cell which is a cell of aberrant behaviour arising from one




or another normal tissus.

The particuler phenomens studied are freckles, birthmerks and moles,
and significant relations between the ocourrence of these on individuals
have been ghown. Red hair has been implicated by the hypothesis that the
red haired individual is in general a homozygote, and the brown haired and
freokled individual a heterozygote of genes at one particular locus. The
occurrence of red hairs on & brown haired person end brown hairs on a red
haired person has similarly been related to individual gene action. The
biochemistry of marsupial, higher mammalian, and human hair plgments have
been studied in order to provide a biochemical bgwie for the genetic model,
Work has been done on the free pigments which are found on the skin and
amongst the hair of marsupials, and efforts to synthesize some of these
pigments from 3~aminotyrosine are recorded.

Finally a number of inherited human disorders involving multiple tumour
formation are recorded and & disoussion of how these might fit the model ig

made. A broader implication of the problems of malignancy is made.




INDEX

Preface

Acknowledgement

Jtatement ~ The Performance of the Work
Introduotion to the Subject Matter of the Thesis

Chapter I ~ Review of the Literature

A, Pigmentation
B. Somatic Mutation
C. QCancer

Chapter IT « Statement of the Thesis

Chapter ITT =~ Freckles, Birthmerks and Moles

A, Llterature

B. The Phenomenon of Freckling
C. Pigmented Birbthmarks

D. Pigmented Moles.

E. Eye 3Spots

Fo Interrelationships

G. Acknowledgement

Chapter IV - The Genetics of Red Hair

A, Inbroduction

Ba Literature

Ce Femily Studies

D. Population Studies

Es Acknowl edgement

15
20
26
26
3h.
39
N

47
62
63
63
63
65
6
75



Page

Chapter V - Marsupial Pigments

A+ Introduction 76
B; Literature 76
Cs General Description 79
D, Mioroscopic Appearanc‘(ra' 80
Es Solubility, Reletion to Tyrosinase 81
s Spectrophotometry 82
G. Chrometography 86
He Synthesis 93
Lo Interpretation 95
Je Acknowledgement 96
Chapter VI ~ Mammalian and Avien Pigments: Human

Pigments 97
A+ Literature 97
B Micrcspectmphotométmr 99
C. Blood Pigments . 100
D. Carotenoids 100
Es Red Melanins of Poultry 102
Fs Red Melanins of Mammals 103
G« Human Red Hair 104
K., Samples of Reds and Browns 105
I;. Random Halirs - Reddest Hairs 107

J» Extraction of Red Pigmenbs from Hair and
Peathers 109



Chapter VIT - Variability of Hair Colour iz
A, Literature 112
Bs Variability of Hair Colour in Animals 113
C, Variability of Hair Colour in Man - Regional il3
Do Variability of Hair Colour in Man -~ Local 114
Bs 'The Greying of Hair 119
Chepter VI ~ Somatic Vaeriebility in a number of
Inherited Diseases in Man 121
A. TIntroduction 121
Bs Neurofibromatosis 122
Ce Epiloia 127
D. Nervous System Tumours 128
L. Retinoblastonma 129
¥ Familial Endoorine Adenomatosis 129
Ges Phaeochromocyboma 131
Ho Familiel Polyposis Coli 132
I+ Gardner's Syndrome | 152
Js Turcot's Syndrome 133
Kes Peutz Jeghers Syndrome 133
L, Osler's Disease 154
Mes Sturge Weber Disease _ 135
Ny Lindau's Discase 136
0. Glomangiome 136
Pe Keratoscanthomsa ' 137
Q. Trichoepithelioma .;: 137

R, Basal Cell Naevus Syndrome 1358



Chapter VITI - Sometic Variability in s Number of

Se
T,
U.
Ve
W

X

Y.

/N

Inherited Diseases in Man,

Osteomatosis
Leucodernma
Waardenburg's Syndrome
Multiple Leiomyomata.
Lipomatosis
Miscellaneous
Yeroderma Pigmentosum

Albinism

Chaj;ter IX ~ Discussion

Chapter X ~ Summaxry

Conclusions

Appendices T - V

Bibliograggﬁ

139
159
140



