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- Editors’ preface

The aim of the publication of this series of monographs, known under the
collective title of ‘ Frontiers of Biology’, is to present acherent and up-to-date
views of the fundamental concepts which dominate modern biclegy. .

Biology in its widest sense has made very great advances during. the past
decade, and the rate of progress has been steadily aceslerating. Undoubtedly
important factors in this acceleration have been the effective yse by biologists
of new techniques, including electron microscopy, isotopic labels, and a
great variety of physical and chemical techniques, especially those with
varying degrees of automation. In addition, scientists with partly physical
or chemical backgrounds have become interested in the great variety of
problems presented by living organisms. Most significant, however, increag-
ing interest in and understanding of the biology of the cell, especially in
regard to the molecular events involved in genetic phenomena and in metab-
olism and its control, have led to the recognition of patterns common to
all forms of life from bacteria to man. These factors and unifying concepts
have led to a situation in which the sharp boundaries between the various
classical biological disciplines are rapidly disappearing.

Thus, while scientists are becoming increasingly specialized in their
techniques, to an increasing extent they need an intellectual and conceptual
‘approach on a wide and non-specialized basis. It is with these considerations
and needs in mind that this series of monographs, ‘Frontiers of Biology’
has been conceived.

The advances in various areas of biology, including microbiology, bio-
chemistry, genetics, cytology, and cell structure and function in general
will be presented by authors who have themselves contributed significantly
to these developments. They will have, in this series, the opportunity of
bringing together, from diverse sources, theories and experimental data, and
of integrating these into a more general conceptual framework. It is una-
voidable, and probably even desirable, that the special bias of the individual
authors will become evident in their contributions. Scope will also be given
for presentation of new and challenging ideas and hypotheses for which
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Vi Editors’ preface

oampldte- evidence is AP .prebent lacking. However, the main emphasxs will
be on falrly éomplete and objective presentation of the more important and
more rapidly advancing aspects of biology. The level will be advanced,
directed primarily to the needs of the graduate student and research worker.

Most monographs in this series will be in the range of 200-300 pages,
but oh occasion a collective work of major importance may be included
exceeding this figure: The intent of the publishers is to brmg out these books
promptly and in fairly quick succession. -

1t is on the basis of all these ‘various eonmderanom that we welceme
the ‘6pportunity of supporting. the publication of the series ‘Frontiers of
Biology’ by North-Holland Publishing Gompany. .~ .

P
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E. L. TATuM . e
- A. NEUBERGER, Editors



Cr L Preface
.This book has grown out of a course of lectures givén at the Galton Labara-
tory, which was intended not only for studehts-amg research waorkers:in
human genetics, but.also for biothemistry, biology and medical students: as
-wellias for interested Tesearch workers in: related fields. I was donesrmned to
explain the principal-concepts which:underlie: modern id¢as in. Auman bio-
-chemicakgenetics, to present a.picture of theextsaosdinary degree of inherited
biochemical'diversity which recentesearch. has shown ta be a.chardoteristic
feature of human populations, and:to.show:-how the detailed @nalysis of
genetically determined biocliemical.differences betwéen individual members
-of our species could throw-naw light on-fundamentalproblems not only in
-genetics, but also. in medicine and tore generally in human biology. ..
. Just over teni years ago I wrote an 4gcount of the suhject (Husan Bioghemi-
cal Genetics, Cambridge University Press, 1999).80vening most of the, in-
. formation which was then available, in what seemed at the time a logical
order. Since then, however, research in this field has expanded almost ex-
plosivelyand inpreparing the present book, it became very obviousitbat one
-gould not be content with simply trying to update the.arligt text. The-many
advances now called for a very different arrangement if present knowledge
and concepts were to be presented in a coherent manner. This is not merely
because a great deal more is now known about the particular topics that were
dealt with in the earlier book, but because whole new areas of the subject
have been opened up in a manner which could hardly have been envisaged
only a few years ago. One of the important consequences of these develop-
* ments has been the greater unity they have given to the subject as a whole.
The interrelationships between what at one time seemed very different and
unconnected types of phenomena such as the inborn errors of metabolism,
the blood group antigenic differences, the haemoglobin diseases and the
enzyme and protein polymorphisms, can now be thought about within a
consistent theoretical framework in a way that was hardly possible previously.
This of course gives one an opportunity to try and present the subject in a
more systematic and analytical manner. So the present work ¢ Jers consider-
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ably in its dpproach and arrangement from my earlier one, and of course
much of the material discussed is new.

One of the difficulties in writing this kind of text is deciding what examples
should be used to illustrate the various points in the argument, and in how
much detail they should be presented. Also one has to decide what must be
left out, if the overall length is to be kept to a manageable:size, and the
argument not be obseared by an excessive amount of desoriptive material.
Since a book of this sort may also be.uséful as a seurce of reference, oneis
often placed in something of a quandary. I have tried to resolve this difficulty
by giving key references to much material which is not described in detail
in the text, and a great deal of this has been arranged in the form-of tables or
appendioces-so that the appropriate references can be extracted more easily.
Nevertheless the scope of the subjéctis now so very extensive and the literature
so vast and distributed over such a wide range of journals, that referéhce to
many topics must inevitably have beeit omitted. I hope nevertheless that
enough has been included 5o that the book may serve not only as an intro-
ductory text in which the midih principles of the subject are formulatbd, but
also as gmde to fuﬁher mading on speciﬁc torpics s

Galton Laboratory, S i Hnmr Harris, M.D., F.R'S,
University College, Eondon o - Iuly, 1969
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Preface to 2nd edition

In the past five years, work in human biochemical genetics has ¢ontinued
to advance very rapidly. Consequently in revising the text for this edition
much new material has been included, though the general arrangement of the
book has been retained. : ,

Galton Laboratory, HARRY HARRIS
University College London March 1974
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CHAPTER 1

Gene mutauons and smgle am1noac1d
substltutlons

1.1. Introductzon genes, DNA dnd protems

Human bemgs are exceedingly dlverse They differ from one another in their
normal physical, physiological and mental attributes They also différ in-
whether they suffer from particular diseases or other: abnotrinalities. These -
varistions are caused in part by differences in the environmental conditions-
in which they live. But they also-depend'on:inborn differénces: Tndeed it is
very probable-that no two individuals with the excéption ¢f monozygotic"
twins are exactly dlike in their inhetited constitutions. The analysis in
molecular terms of the nature and -effétts of such genetically determmed
differences forms the subjeet matter of human biochemical genetiés.:

Classical genetics led to the concept of the: gehe @s the fundamental’
biological. unit. of heredity and postulated that it must possess tlitee basic'
propertiesi It had to have a spedific fusiction in the cell, and hénce in the
organism as 4 whole. Tt had to be capable of exact self-replication so that its
functional specificity would be preserved: from offe.cell generation to the
next. Finally, although usually an extremely stable entity, it had to be
susceptible to occasional sudden change or thutation; which could result in
the-appearance of a new:unit or allele differing functionally from the original '
one but self-replicating in its new form. It was shown how such unit§ are
arranged in linear order in the chromvsomes, each gene havinfg its” owri
characteristic position or locus; how théy ate transmitted to an individual
from his parents via the-ovum and sperm, so that they are usuafly present in'’
paifs, one member of A pair being derived froth on&'parent and one from'the *
other; and how because of mutational changes i ‘previous' generations’
multiple allelic forms of a gene ¢an occupy & partictilar gene 16¢us, so that
individual members of a #atural population may diffet from oné ariother it
their charatteristics according 6 the specific nature of the a]'feles that fhey
happened to have received froth' théir parents. n

Four major advances made it possible to begin to understand the nature of

l .



2 Gene mutations and single aminoacid substitutions

genetical diversity in molecular terms. The first was the discovery that the
particular chemical substance which endows a gene with its characteristic
properties is deoxyribosenucleic acid or DNA. The second was the eluci-
dation of the molecular structure of this substance. The third was the recog-
nition that the primary biochemical role of DNA in the cells of an organism
is to direct the synthesis of enzymes and other proteins. The fourth was the
unravelling of the genetic code. That is the details of the relationships
between the structure of nucleic acids and the structure of proteins.

The main features of the molecular architecture of DNA were first
formulated by Watson and Crick in 1953, who at the same time pointec. out
how the proposed strycture would account for the three basic attribut:s of
genetic material; gene specificity, gene replication and gene mutation.

The molecule is made up of two very long polynucleotide chains coiled
round a common axis to form a double helix. The backbone of each chain
consists of a regular alternation of phosphate and sugar (deoxyribose) groups.
To each sugar group and projecting inwards from the chain is attached a
nitrogenous base. This may be one of four different types; adenine or guanine
which are purines, thymine or cytosine which are pyrimidines. The two
chains are held together by hydrogen bonding betweéen pairs of bases
projecting at the same level from each chain, so that the whole structure may
be likened to a spiral staircase, the pairs of bases representing the steps.:
There are certain restrictions on which bases can constitute a pair. In any
one pair one base must be a purine and the other a pyrimidine, and of the
possible combinations only two can occur; adenine with thymine, and-guanine

. With cytosine. A given pair may be either way round. Thymine for example
-can occur in either chain, but when it does its partner on the other chain must
be adenine.

A gene can be regarded as being represented by a length of DNA con-
taining several hundred or thousand base pairs. While the phosphate-sugar
backbones of the two chains which form the double helix are quite regular,
the base pairs may occur in any sequence. A great many different permuta-
tions are therefore possible, and so each gene can have its own unique
structure, from which is derived its functional specificity. The precise sequence
of base pairs in a particular gene carries as it were in coded form a specific
piece of genetical information. »

Since the nature of one base fixes the nature of the other member of the -
pair, the two polynucleotide chains which make up the molecule, though:
qualitatively different, are exactly complementary. The sequence of bases in
one chain fixes the sequence of bases in the other. Replication can occur by
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the unwinding and separation of the chains and the reformation on each
chain of its appropriate companion from an available pool of nucleotides.
Each chain may thus act as a template for the formation of the other, so
that from one molecule two precise replicates are produced each with
exactly the same sequence of base pairs as the original.

A gene mutation can be envisaged as the consequence of some kind of
event which results in an alteration of the base pair sequence of the particular
gene. Many and perhaps most mutations probably represent no ‘more than
the change of one base for another at some point in the sequence. Others.
. however involve more drastxc changes such as the duplication or deletion of
part of the sequence or some other kind of rearrangement. In general the
new gene structure once formed will then be conserved in subsequent cell
divisions by the ordinary process of DNA replication.

A great variety' of different enzymes and other proteins are synthesised in
the cells of a single organism. They each have their own distinctive properties
and functions and together th¢y define and control the complex pattern of
metabolic and developmental processes which characterise the species and
the individual. Proteins are composed of one or more polypeptide chains
which are made up of long strings of aminoacids linked by peptide bonds in
a specific linear order. Twenty different aminoacids may be present and
typical polypeptide chains have sequences 100-500 ammoaclds long, so as
with DNA the fiumber of possible strugtures is enormous. F urthermore the
three-dimensional arrangement and hence the characteristic properties and
functional activity of any given protein uinmately depends on the precise
sequence of aminoacids in its constituent polypeptide chains.

The fundamental idea relating DNA structure to protein structure is that
the sequence of base pairs in a given gene determines the sequence of amino-
acids in a corresponding polypeptide chain. So the structures and hence the
properties of all the enzymes and proteins an individual can make are thought
to be defined by the base pair sequences of his genes.

The details of the genetic code - that is the relationship of base sequence
to aminoacidysequence - have largely been worked out by experlmental
studies on microorganisms. But there is little doubt that in their main
features they also apply in higher organisms including man. Each ammoac1d
is specified by a sequence of three bases. The base triplets occur consecutlvely
and do not overlap. That is to say a triplet specifying one aminoacid. is
immediately followed by a separate triplet specnfymg the next aminoacid and
so on. Thus the two sequences are colinear. The four characteristic bases of a
DNA chain can occur in 64 different triplet sequences, and 61 of these
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triplets each specrfy one of the twenty "aminoacids, so fhat a partlcular
aminoacid may be coded by two or more dlfferent base triplets (see ﬁg l 5, .
- p. 14). There are also three so-called ¢ nonsense tnplets which do not
specify aminoacids but probably designaté chain termmat1on

The series of processes by which thé sequence of bases in tlre DNA of a
gene is translated into the correspondmg sequence of ammoac1ds m a
polypeptlde chain are complex and mvolve as mtermedrarles certam types of
nbosenuclerc acid (RNA) molecules The first step mvolves the separatlon of
the two polynucleotlde chams ot’ the DNA so that on,e of them may serve as
a template for the synthesrs from avallable rlbonucleottdes of a complemen-
tary RNA cham In this process the same base pamng rules as in DNA
apply, except that uracil, ‘which occur in RNA instead of thymme palrs
with adenine. Thus a strand of RNA carrying the samé genetlc mformanon
as the DNA strand is formed, but it is coqed in a complement,ary base
sequenCe This RNA strand known as messenger or mRNA then separatps
from the DNA and passes out of the cell’ nucleus to the r1‘tgosomes in the
cytoplasm “which are the site of profein synthesrs The strands of mRNA
attached to ribosomes 'then serve as templates for the formatlon of the
polypeptlde chams ‘Aminoacids’ come to. the mRNA ternplate attached to
another species of RNA molecule, kiown as transfer RNA or tRNA “The
tRNA molecules are relatrvely small (about 80 nucleotrdes) aﬂd occﬁr as a
series of distinct molecular types Each'is i{pecrﬁc for a part1cular ammoac1d
whith cén be attached to one end of the t NA molecule, and each contains
within its polynucleotrde sequence a characterrstrc base trlplet complemen-
tary to a base triplet in mRNA Whlch codes for that ammoacrd The attached
aminoacid can thus be placed in the correct pt)srtron for the synthes1s of the
polypeptide chain defined by the coded sequence of the mRNA. SR

The polypeptlde chain i is made sequentrally, one ammoac1d being added at |
a time, starting from the amino- termmal end. A key feature of the progesses
leading to polypeptide synthesrs is that each ammoac1d in the sequence. is
designated by a trmucleotlde or base tnplet in three types of 'nolecule DNA
mRNA and RNA. The trrplet in mRNA is complementary to that in DNA
and also to that in tRNA, so {hat although the actual hases drﬂ'er the sq,me
aminoacid is specrﬁed

Thus the inherited mformatlon coded m the genes can he regarded as,a
kind of blueprmt which defines ‘the’ structures of all the enzymes angd other
protéins which an mdrvrdual makes. But genes not oniy detetmme the
strictures of protems they are also apparently concerned in r,eg,ulatmg their
synthesis. The nature of the molécular relationships involved in these regula-



