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TECHNIQUES OF DNA ANALYSIS

HelenM Kingston

Molecular genetics laboratory.

DNA analysis is becoming a standard investigation in an increasing number
of mendelian disorders. The genetic state of family members and
pregnancies at risk can be determined in many conditions, including the
haemoglobinopathies, Duchenne muscular dystrophy, cystic fibrosis, and
Huntington's chorea. The index case is generally diagnosed by means of
conventional investigations, such as electrophoresis of haemoglobin in
thalassaemia and muscle biopsy in Duchenne muscular dystrophy. DNA
studies may clarify the diagnosis in disorders that are associated with
specific mutations or gene deletions. The main impact ofDNA analysis in
clinical practice has been in detecting carriers ofX linked recessive
disorders, in presymptomatic diagnosis of autosomal dominant disorders,
and in prenatal diagnosis of all categories of mendelian disorders. This
chapter summarises the standard techniques ofDNA analysis that are used
in the clinical investigation of affected families. In several health authority
regions and health boards throughout the United Kingdom molecular
genetics laboratories are associated with departments of clinical genetics
and provide DNA analysis as a service to families with particular genetic
disorders.

DNA extraction

DNA can be extracted
from 10-20 ml whole
blood.

Restriction enzymes

Preparing restriction enzyme digest
reaction.
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Recognition sequences of two
restriction enzymes.

DNA can be extracted by using standard
techniques from any tissue containing nucleated
cells, including blood and chorionic villus
material. Once extracted, the DNA is stable and
can be stored indefinitely so that samples from
people with genetic disorders can be collected
and saved for the future investigation of other
family members. Storing samples has already
benefited many families whose elderly or affected
relatives were no longer living when DNA testing
became possible, yet from whom samples were
needed to interpret predictive tests.

The discovery of bacterial restriction enzymes
in 1969 has been important in developing
techniques to analyse human DNA. Restriction
enzymes recognise specific DNA sequences and
cleave double stranded DNA at these sites. Each
enzyme has its own recognition sequence and will
cut genomic DNA into a series of fragments that
can then be analysed. The size of the fragments
produced is constant in an individual subject but
commonly varies among subjects because of
differences in non-coding DNA sequences. This
variation forms the basis ofsome predictive tests,
which are discussed later.
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Electrophoresis

DNA fragments in gel
after electrophoresis
stained with ethidium
bromide and viewed
under ultraviolet light.

Southern blotting
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Setting up Southern blot:
placing filter on to agarose
gel.

The DNA fragments produced by cutting
genomic DNA with restriction enzymes can be
ordered according to their size by electrophoresis
in an agarose gel. The small fragments migrate
faster down the gel than the larger ones, giving a
track ofDNA fragments of progressively
diminishing size. The length of a particular
fragment can be determined from the distance of
its migration in the gel with reference to marker
fragments of known size.

The DNA fragments in a gel are denatured into
single strands and transferred by the technique of
Southern blotting on to a nitrocellulose filter or
nylon membrane. Fluid rising through the gel
transfers the DNA on to the membrane, retaining
the alignment of the fragments. Although
conventionally performed with a reservoir of
buffer solution, the procedure may also be
performed without buffer as fluid absorbed
directly from the gel by the paper towels is
sufficient to permit transfer of the DNA. The
DNA binds to the membrane, providing a stable
array ofDNA fragments that can be analysed
by mixing with a DNA probe in a hybridisation
reaction. The basis of this reaction is the ability of
complementary DNA strands to bind together.

DNA probe hybridisation

idiolabelling DNA probe with phosphorus-:

A probe is a piece of single stranded DNA, radiolabelled with
phosphorus-32, which is used to detect homologous sequences in a sample
of genomic DNA. Probes used to study mendelian disorders represent
unique sequences that occur only once in the genome and may correspond
to the gene of interest, to flanking DNA, or to more distant DNA
sequences. Gene specific probes derived from genomic DNA contain both
coding and non-coding sequences. Complementary DNA (cDNA) probes
are synthesised from the messenger RNA of the gene under study with
reverse transcriptase and contain only coding sequences. Oligonucleotide
probes, containing around 19 nucleotides, can be synthesised for a specific
region of a gene whose sequence is known. Randomly generated probes do
not correspond to specific genes but can be used to study families if they are

32. shown to be located close to a gene of interest.

Membrane washed in solution
containing radioactive DNA probe
during hybridisation reaction.

- I

Dense bands (*) on
autoradiography indicating
hybridisation of probe DNA to
homologous sequence in
sample DNA.

Probes are prepared by cloning the sequence of
interest with recombinant DNA techniques. The
DNA fragment to be used as a probe is
incorporated into vector DNA, usually a

bacterial plasmid. The recombinant vector
plasmid is then amplified in Eschenrchia coli,
allowing large quantities of the probe DNA to be
retrieved. The probe is radiolabelled and added
to a solution for hybridisation with a membrane
blotted with the patient's DNA. The single
stranded DNA probe will bind to any DNA
fragment on the membrane that has a matching
DNA sequence. These fragments can be
identified as visible bands in an x ray film placed
in contact with the membrane (autoradiography).
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Loading digested DNA samples on to
agarose gel.
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Application to genetic disorders

Autoradiograph showing detection of sickle cell
mutation by altered size of DNA fragments
produced by cleavage with Mst 11 restriction
enzyme.

Becker's muscular
dystrophy: proximal
muscle wasting,
winging of scapulae,
and
pseudohypertrophy of
calf and deltoid
muscles.

Autora.diograph showing restriction fragment
length polymorphism (alleles 1 and 2) detected by
X chromosomal DNA probe linked to gene for
Becker's muscular dystrophy: disease gene
segregates with maternal allele 2, providing a
marker for the disorder, subject to recombination.

Deletions
Disorders due to gene deletions can be detected directly by the absence of

specific DNA bands on an autoradiograph if gene specific probes are
available. ct Thalassaemia and some cases of (3 thalassaemia, haemophilia A,
and Duchenne muscular dystrophy, for example, can be identified in this
way.

Point mutations
Genetic disorders due to point mutations are amenable to direct detection

if the mutation affects a recognition site for a restriction enzyme or if specific
oligonucleotide probes are available. In sickle cell disease a point mutation
changes the codon GAG to GTG in the [i globin gene and results in the
substitution ofvaline for glutamic acid in haemoglobin. The mutation alters
the recognition site ofthe restriction enzyme Mst II, changing the size of the
DNA fragment detected by the -) globin gene probe on autoradiography.
An alternative method of testing for sickle cell disease or its carrier state is to
use oligonucleotide probes corresponding to the normal and mutant
ri globin gene sequences. Each oligonucleotide probe will bind only to its
specific genomic counterpart, so that the HbA probe gives an
autoradiographic band only with the normal ( globin gene, and the
HbS probe gives a band only with the mutant 13 globin gene. Both probes
will hybridise with the DNA from heterozygous subjects.

Restniction fragment length polymorphisms (RFLPs)
When a mutation causing a genetic disorder cannot be detected directly

prediction of genetic state in a person may still be possible by identifying
other genetic variations (polymorphisms) that can be tracked through the
family. Variations in non-coding DNA sequences are extremely frequent
throughout the genome, and when they affect restriction enzyme cleavage
sites DNA- fragments of different sizes will result from restriction
endonuclease digestion of the DNA. These variations are called restriction
fragment length polymorphisms (RFLPs) and can be used as markers for
genetic disorders if they occur in or near a gene of interest. Before
prediction is possible a family must have DNA analysis performed to see if
there is a variation in the size of fragments detected by an appropriate probe
that gives an informative pattern in the family. The particular fragment
associated with the disease gene must then be identified so that it can be
looked for in the relative or pregnancy being tested.

When a DNA variation occurring within or very close to a gene is
detected by a gene specific probe, prediction by analysis ofRFLPs will
usually determine the genetic state with near certainty, as in haemophilia A.
Occasionally a gene is so large (as in Duchenne muscular dystrophy) that
the disease mutation and a marker variation within the gene may be
sufficiently far apart for reCombination to occur between the two sites at
meiosis, and there will be a small error in predicting genetic state from
RFLP analysis. In disorders such as Huntington's chorea and cystic
fibrosis, in which the genes responsible have not yet been cloned, RFLP
analysis makes use ofDNA polymorphisms shown to be in close proximity
to the disease gene by family studies. These markers are said to be linked to
the disease gene ifthey cosegregate in affected families. The closer the DNA
marker sequence is to the disease gene the less likely it is to segregate
independently because of recombination and the greater the accuracy of
predicting genetic state from the marker pattern. In practice markers which
show less than 5% recombination with a disease gene are useful in detecting
carriers and in prenatal diagnosis. As 1% recombination occurs between loci
that are separated by around one million base pairs these markers may be up
to five million bases away from the gene being studied.
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New techniques

1-2 1-2

2-2 2-2

Ailele 1

Allele 2

Rapid prenatal diagnosis in cystic
fibrosis using polymerase chain
reaction: fetus (/) has inherited same
parental alleles as affected sibling,
indicating that it is also affected.

New techniques of DNA analysis are continually being developed which
have an appreciable impact on the clinical investigation of genetic disease.
The polymerase chain reaction and pulsed field gel electrophoresis are two
such examples.

In the polymerase chain reaction oligonucleotide primers corresponding
to sequences at each end of a DNA region of interest are synthesised. With
the primers this region can be amplified in a sample of genomic DNA-for
example, chorionic villus DNA-by successive rounds of replication with
DNA polymerase. The amplified segment produced by the polymerase
chain reaction is then cut with the appropriate restriction enzyme, run in an
agarose gel, and detected directly under ultraviolet light after staining with
ethidium bromide. The technique permits rapid analysis of DNA, giving
results within one to two days after sampling, compared with seven to
10 days by conventional analysis. This is particularly helpful when
performing prenatal diagnosis.

Pulsed field gel electrophoresis permits the separation of large fragments
ofDNA. The technique is being used for long range mapping of the genome
and facilitates identification of gene deletions causing genetic disorders.

Dr Helen M Kingston, MD, is consultant clinical geneticist at St Mary's Hospital,
Manchester.
The illustration of the polymerase chain reaction in prenatal diagnosis of cystic fibrosis was

reproduced by kind permission ofMr A Ivinson, regional molecular genetics laboratory, St
Mary's Hospital, Manchester, and that of Becker's muscular dystrophy by kind permission of
Dr K Cumming, Withington Hospital, Manchester.
The ABC of Child Abuse continues next week. The last article in this series will appear on

15 July.

How To Do It

Commission a portrait

Imogen Sheeran

Manchester City Art
Galleries
Imogen Sheeran, MA, gallery
services officer

BrMedJ 1989;299:37-9

For many of us the prospect of having our portrait
painted is quite daunting. There may be no choice in
the matter if the portrait has been commissioned by an
outside body to commemorate your life's achievements.
Even if you are a willing participant commissioning a
portrait for yourself the process must be carefully
considered. The past decade has seen a tremendous
upsurge in interest in all types of figurative art, and
portraiture especially has been given a new impetus.
The resultant wide choice of artists and styles makes
the task of commissioning both more simple and
more complex. No longer limited to a formulaic
photographic likeness or "society" portrait, you may
choose a style of painting and format to suit your mood
and budget. You might want to commission an
established portraitist whose clients may range from
academics and aesthetes to pop stars and politicians.
Or you might be more adventurous and seek out young
talent from an art school's diploma show or tailor made
exhibition such as the annual John Player Portrait
Award for portrait painters under 40.

There are two overriding considerations in com-
missioning a portrait. What is it for and how much can
it cost? Purpose and budget will affect all other criteria.
Is it a formal portrait to be placed alongside those of
fellow worthies? Or a private commission to display at
home, intended to record your personality not status?
Have you a free reign in the choice of medium, size,
format, and style? Or are these dictated by the nature
of the commission? Is the portrait part of an existing
series to which it must conform? Will your budget
cover the considerable costs of an established society

Points to consider when commissioning
a portrait
* Type of artist-young inexperienced, experi-
mental, established, fashionable
* Medium-oil, acrylic, pastel, watercolour,
drawing, mixed media, sculpture, photograph
* Size and format-full length, three quarter length,
half length, head and shoulders, miniature, lifesize,
full face, three quarter face, profile
* Style-photographic likeness v artistic licence
* Setting and dress-home, office, studio; academic
gown, informal, iconography, association

portrait painter or would you prefer to test younger
talent or a more experimental artist?

Homework
Having a portrait made is quite an undertaking in

terms ofboth time and money so you must do adequate
homework to ensure the smooth running of the
venture. This begins well away from the artist's studio
in your acquiring a grounding in portraiture. Visit a
number of exhibitions in which portraits are included
and take a historical overview at the National Portrait
Gallery. Looking closely at historic and contemporary
portraits helps an educated approach to your chosen
artist and will also help you decide on the right format.
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