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SUMMARY
This paper discusses the application of the technique of the
polymerase chain reaction (PCR) to the diagnosis of sickle cell.
anaemia and ~·thalassaemia. By using a single set of primers a
536 base pair long position of the IJ-globin gene was amplified.
This region included the site of the genetic alteration in sickle cell
anaemia and also the sites commonly altered in ~-thalassaemia.
In a retrospective analysis of two pregnancies at risk for ~.
thalassaemia and one at risk for sickle cell anaemia, the authors
demonstrated the efficacy of this technique along with the use of
non radioactively labelled probes. A set of nine DNA samples
simulating three family sets was also analysed and the results
found to be valid. This study also provides a general model for
the combination of PCR with non radioactively labelled allele
specific oligonucleotide probes for the diagnosis of inherited
diseases.

COMMENT
This publication was the first to describe the application
of the newly developed technique of polymerase chain
reaction (PCR) along with allele specific oligonucleotide
probes (ASOs) in the diagnosis of inherited disorders.
Amongst its authors are scientists involved in the develop-
ment of the PCR technique itself. PCR is a method used for
the amplification of specific regions of DNA.I This
amplification can result in increased sensitivity of target
detection from a small amount of tissue.
In this case a segment of the ~ -globin gene was

amplified by PCR. This was 53&base pairs long, and
contained the sites for probing the changes in sickle
cell anaemia as well as the changes commonly seen in
,9-thalassaemia and was used as a target for the detection
of mutations characteristic of the two diseases.
The detection system consisted of ASOs. DNA is

double stranded, and the two strands are held together by
the complementary bases pairing. The strength of the
annealing is proportionate to the homology of the two
strands. If the probe is an oligonucleotide (about 20 bases
or so long), a mismatch of one base will make a difference
in the binding of the oligonucleotide probe. This difference
can then be exploited to detect point mutations.
In the case of sickle cell anaemia, glutamic acid is

replaced by valine in the sixth position of the f3 chain of
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haemoglobin. The change in the sixth codon of DNA
being

GGAC(T)CC to GGAC(A)CC coding strand
CCTGAGG CCTGTGG non-coding strand

In this work an oligonucleotide corresponding to the non-
coding strand was used as a probe.
peR amplified DNA from a normal person bound only

the probe corresponding to the normal sequence. That
from the person with sickle cell disease bound only the
probe corresponding to the mutation. That from a person
with sickle cell trait, (a heterozygote) bound both the
normal and the mutant probes. The enzyme, horseradish
peroxidase, attached to the 10 oligonucleotide, provided
the detection system. Specific binding was detected by a
colour reaction.
In the case of ~-thalassaemia, the situation is more

complicated. A large number of mutations in the ~-globin
gene have been shown to lead to ~-thalassaemia. How-
ever, in each ethnic group where the disease is prevalent
a subset of common mutations is present. This again
enables the diagnosis of the disease by a set of ASOs.
The authors tested for a group of four different alleles,
common to the clinical samples received by them and
were successful in identifying ,9-thalassaemia. The same
principle can also be used in testing for disease carrying
alleles commonly found in any ethnic group under study.
The detection of inherited disease and carriers by

recombinant DNA methods has been underway for
several years but its application has not been widespread
because of technological and logistical constraints. This
paper describes a way of adapting the newly discovered
PCR technique for detecting genetic disease and has
served as a model for those seeking to use it for laboratory
diagnosis of a large number of other diseases.
The contribution of PCR amplification with ASOs has

the following advantages:

1. PCR amplification means that only a small amount of
DNA needs to be used. Nanogram amounts of target
DNA are sufficient. This is especially important when
samples of foetal DNA have to be obtained by
chorionic villus biopsy.

2. The stability (over one year) and safety of enzyme
labelled probes as compared to radioactively labelled
probes are important considerations for use in a dia-
gnostic laboratory.

3. Procedural simplicity resulting from the use of relatively
less purified target DNA, the use of dot blots, will
place this technology within the reach of many more
laboratories.
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