
Chapter 2

Scientific basis

What genes are

2.1 The inheritance of all our characteristics, including susceptibility to
genetic diseases, is dependent on genes and chromosomes.
Genes are large molecules made up of a substance, DNA, whose
double helical structure allows both copying and division.  The
particular sequence of individual chemical sub-units in a gene
serves as a molecular code to specify the manufacture of a
particular protein; an alteration (mutation) at even a single position
of the DNA sequence may cause serious malfunction of the
resulting protein.  Modern advances in genetics are due to the
ability to study DNA directly.  It is estimated that about 75,000
different human genes exist.  At present we have information on
only one third of them at most.

2.2 The genes are arranged in a fixed order on the chromosomes.
Chromosomes are elongated strings of DNA and protein which
occur in the nucleus of every cell in the body.  Unlike genes,
chromosomes can be seen through a microscope, especially when
they become compact during cell division.  In the normal human
there are two sets of 23 chromosomes, 46 in all.  One set of 23
is received from each parent.  The members of 22 of the 23 pairs
appear identical : these are the autosomes.  The remaining pair,
the sex chromosomes differ between males and females.  Female
sex chromosomes are designated XX and male XY.

The scientific basis of genetic screening

2.3 Medical genetics is the part of human genetics concerned with
the role of genes in illness.  Traditionally, the analysis of the
genetic contribution to illness and human characteristics has been
divided into :

(i) disorders due to changes in single genes;
(ii) disorders influenced by more than one gene (polygenic);

(iii) chromosomal disorders.
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In addition to the genetic contribution, the environment will often
play an important part in influencing both the onset and severity of
disease particularly in the polygenic disorders.

Single gene diseases

2.4 Inherited single gene diseases may show three common types of
inheritance pattern:-

(i) autosomal dominant : such diseases
(for example, Huntington’s disease)
result from one of a pair of matched
autosomal genes having a disease-
associated alteration (shaded in the
diagram), the other being normal.  The
chance of inheriting the altered gene is
1 in 2 in each pregnancy.  Autosomal
dominant diseases commonly affect
several individuals in successive gen-
erations.

(ii) autosomal recessive : such diseases
(for example, cystic fibrosis) require the
inheritance from both parents of the
same disease-associated abnormal
autosomal  gene.  The parents are
usually themselves unaffected but are
gene carriers.  When both parents
carry the same altered gene, the
chance of inheriting two altered genes
and so of having the disease is 1 in 4
in each pregnancy.  Autosomal
recessive diseases usually only affect
the brothers and sisters within a single
generation; the risk of disease in
individuals in previous or subsequent
generations is usually very small.
Hence diseases with this form of
inheritance tend to occur ‘out of the
blue’.
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(iii) X-linked : diseases due to genes on
the X chromosome (for example,
haemophilia) show a special
inheritance pattern; they are also
known as sex-linked disorders.  Most
X-linked conditions occur only in males
who inherit the abnormal gene from
their mothers; these mothers are
carriers of the altered gene but are
usually unaffected because their other
X chromosome has the normal gene
(as in autosomal recessive disease).
Females may occasionally show some
features of the disease, depending on
the condition.  An affected male never
transmits the disease to his sons.
When the mother carries a gene for an
X-linked disease, the chance of
inheriting the altered gene is 1 in 2 in
each pregnancy for both boys and girls,
but only male offspring will be affected.
X-linked disease may thus give rise to
disease in males in several different
generations, connected through the
female line.

Polygenic disorders

2.5 Many common diseases with a genetic basis result from
abnormalities in more than one gene.  The inheritance pattern is
complicated because of the larger number of different genetic
combinations and uncertainties about how the genes interact.
Environmental factors frequently play a major part in such
disorders, which are more often known as multifactorial diseases.
Because of this, screening can yield results that are less clear-cut.
At the same time, as our knowledge of all the environmental and
genetic factors involved advances, it will become possible to
identify individuals at increased risk for a disorder who could
benefit from advice on how to minimise this risk.  This could lead
to screening for genetic predisposition to common diseases, such
as coronary heart disease and some cancers.
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Chromosomal disorders

2.6 Chromosomal disorders fall into two broad categories:

(i) where an entire chromosome is added or is missing.  For
example, in Down’s syndrome there is an extra (third) copy
of chromosome 21 found in the cells of affected individuals
(hence the technical term for it, Trisomy 21).  In Turner’s
syndrome, one of the X chromosomes in girls is missing.
This type of disorder is not inherited but occurs during
conception;

(ii) rearrangement of chromosomal material.  If this involves
either net loss or gain of chromosomal material, harmful
clinical effects are likely; on the other hand, if a simple
exchange between chromosomes (translocation) or within
them (inversion) has occurred, the chromosome make-up
is ‘balanced’ and serious clinical effects are much less
frequent.

Types of genetic tests

2.7 All forms of genetic test aim to identify particular genetic
characteristics but approach this in different ways.

Chromosomal tests (cytogenetics)

2.8 Microscopic examination of chromosomes from cells in blood,
amniotic fluid or fetal tissue may be used to detect the
chromosomal changes mentioned above.  Until recent years it was
only possible to detect large alterations on a chromosome
involving many genes, but new techniques are making it possible
to detect much smaller defects, allowing disorders involving only
a small amount of genetic material to be recognised.

Tests for disorders involving a single gene

2.9 Genes cannot be seen using the microscope, so in the past tests
for single gene disorders have been largely indirect, involving what
the gene produces (protein), or another substance affected by it,
rather than the gene itself (see paragraph 2.15).  Since the protein
is still unknown for the majority of genes, testing for single gene
disorders has been very limited until recently.
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Direct tests

2.10 A variety of techniques have now been developed for identifying
important human genes directly.  There are two main approaches:-

(i) the gene may be isolated if the product (protein) it normally
produces is known.  This approach was used for the genes
involved with the main blood cell protein haemoglobin
(important for tests involving sickle cell disease and
thalassaemias).  The genes for some metabolic diseases,
where a specific chemical defect involving an enzyme was
already known, have also been isolated in this way;

(ii) the gene may be isolated if its position on a chromosome
is known (positional cloning).  This approach is
increasingly successful in allowing genes to be isolated
even when we know nothing about their function or what
protein they normally produce.  One reason for this success
is that detailed genetic maps of the different chromosomes
are being produced.  This approach not only pinpoints the
chromosome region where the gene lies, but can provide
genetic markers (identifiable pieces of DNA) which lie
close to the gene, and can enable an accurate test for a
genetic disorder to be made even before the gene itself is
isolated.

2.11 Once the gene responsible for a disorder has been isolated it is
possible to study the different changes (mutations) in it that can
result in disease.  These may range from complete absence of the
gene to faults in a single chemical sub-unit of the gene.  A single
gene disorder may be caused by many different changes in the
gene responsible.  By careful study of particular populations of
people it may be possible to determine which mutations for a
disease are the commonest and most important, and to design a
programme of testing accordingly.

2.12 Direct genetic testing by DNA techniques differs from most other
forms of medical testing in several important respects.  Any body
tissue can be used since genes are present in almost all cells.
Although blood is most commonly used, cells obtained by
mouthwash are proving especially suitable for some screening
programmes.  Since genes do not usually change during life, a
DNA test can be performed at any time from conception onwards.
This is a practical advantage for tests in early pregnancy, as it can
allow the detection of a serious genetic abnormality that would not
show itself until after the child is born.  However, this raises
difficult ethical problems, especially in relation to diseases which
do not appear until later childhood or adult life.
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2.13 Major scientific advances have also occurred in the sensitivity of
genetic techniques, allowing minute amounts of DNA or protein
products to be analysed.  A particularly important advance has
been the polymerase chain reaction (PCR), which allows a
single copy of a small part of a gene to be amplified many
thousand times.  Testing of single cells may make preconception
testing of a single egg feasible, and may also allow testing of fetal
cells in the mother’s blood during early pregnancy.  The dried
blood spot taken onto filter paper from all babies in the newborn
period can be stored and could be used for a wide range of
genetic tests.  Such techniques increase the potential impact of
genetic testing since they are often suitable for mass population
screening.

2.14 An important discovery has been that many stretches of normal
DNA vary between different people and together provide a pattern
that is unique for every individual (apart from identical twins).  This
powerful technique, known as genetic fingerprinting, has many
applications, especially in legal and criminal cases.  There are
important ethical issues as to when and how it should be used.
As the legal issues have been addressed by the Royal
Commission on Criminal Justice, we have not attempted to
consider them in this report.

Indirect (biochemical) tests

2.15 These tests detect not the gene itself, but some aspect of its
function.  The most nearly direct are for the specific protein that
the gene produces.  In a genetic disorder tests may show that the
protein is not being made or is present in reduced amount;  or it
may be altered so that it does not function adequately.  Such tests
are still important, for example, for abnormalities of haemoglobin
(in thalassaemia or sickle cell disease).

2.16 Where the gene or its product cannot easily be tested, it may be
possible to measure some other substance whose amount is
altered in the disease.  Thus the screening test commonly used in
all newborn babies for the disorder phenylketonuria (PKU) is
based on measuring the amino acid phenylalanine, which builds
up in the blood of affected patients.
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Ultrasound

2.17 A quite different but very important technique is ultrasound
imaging, which gives a virtually risk-free method of identifying
structural and some functional abnormalities which can result from
genetic disease.  This technique is widely used for the detection
of fetal malformations during pregnancy, of which some, but not
all, are genetic in origin.  Some early manifestations of serious
genetic disorders that may develop in later life, such as polycystic
kidney disease (enlarged kidneys with cysts) or certain types of
cardiomyopathy (heart muscle disease) can also be detected.

The importance of genetic variation

2.18 Most of the genetic differences that can be detected between
individuals represent normal genetic variation and are not
associated with disease.  This variation has been essential for
human evolution and is seen both within and between
populations.

2.19 Whether a genetic characteristic is harmful or not may depend on
factors in the environment.  Thus in countries where malaria is
common, individuals, particularly children, who are carriers for
genes causing disorders of haemoglobin, such as sickle cell
disease, have some protection against malaria.  The sickle cell
gene is thus of benefit in such an environment.  Conversely, other
genes which may have had no significant harmful effects in the
past, may cause problems because they provoke an adverse
reaction to certain newly available drugs or anaesthetics.

2.20 Genes and chromosomes are continually undergoing change,
rearrangement and interaction as a normal process.  Although
some harmful genetic changes can be prevented, for example by
the avoidance of unnecessary irradiation or harmful chemicals,
genetic disorders due to new mutations can never be entirely
eliminated.
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