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Summary 

Mutation detection is important in all areas of biology. Detection of unknown mutations can involve 
sequencing of kilobases of DNA, often in many patients. This has lead to the development of methods to 
screen DNA for mutations as well as methods to detect previously described mutations. This review 
discusses current methods used for such purposes with special emphasis on genetic diseases of humans. 
However, savings can be made by sin1ilar means in other areas of biology where repetitive or extensive 
sequencing for comparative purposes needs to be done. This review covers the methods used for 
detection of unknown mutations, namely the ribonuclease, denaturing gradient-gel electrophoresis, 
carbodiimide, chemical cleavage, single-strand conformation polymorphism, heteroduplex and sequenc
ing methods. Once mutations have been defined they can be searched for repeatedly by methods 
referred to as diagnostic methods. Such methods include allele-specific oligonucleotide hybridization, 
allele-specific amplification, ligation, primer extension and the artificial introduction of restriction sites. 
We can now choose from a range of excellent methods, but the choice will usually depend on the 
background of the laboratory andjor the application in hand. Screening methods are evolving to more 
satisfactory forms, and the diagnostic methods can be automated to screen whole populations inexpen
sively. 

The rate of identification and characterisation 
of genes which cause specific inherited diseases 
in humans is rapidly increasing. Also the numbers 
of mutations identified in a particular gene as 
causative in disease arc increasing rapidly. This is 
likely to gain further impetus from the Human 

Correspondence: Dr. R.G.H. Cotton, Olive Miller Labora
tory, Murdoch Institute, Royal Children's Hospital. Fleming
ton Road, Parkville, Vic. 3052, Australia. 

Genome Project. Thus methods to detect un
known mutations and previously described muta
tions are assuming increasing prominence and 
usc. The importance of such studies is enhanced 
as knowledge of the molecular basis of cancer has 
increased, given that mutations in oncogenes and 
tumour suppressor genes are now well-docu
mented as causes of cancer. Changes of such 
magnitude have not occurred in genetics other 
than the area of human disease, but nevertheless 
the methods to be discussed are potentially ad
vantageous in these areas. 
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There are 3 main areas where such methods 
are used in human disease. (a) the research labo
ratory attempting to find mutations in a gene 
which causes a specific disease, (b) the clinical 
diagnostic laboratory which needs to look for 
known and unknown mutations causing a specific 
disease for prenatal or other diagnostic purposes, 
as well as polymorphic harmless mutations for 
linkage studies, and (c) the screening of popula
tions for specific mutations (such as has occurred 
with Tay Sachs disease and as is beginning to 
occur in cystic fibrosis). 

For this review, methods will be divided into 
screening methods and diagnostic methods. The 
former are usually used to detect unknown muta
tions, but there is an increasing tendency to use 
screening methods to screen for a number of 
known mutations together with any unknown mu
tations in the diagnostic setting (see below) (Fig. 
1). 

Methods of detecting mutations have been re
viewed several times in recent years (Caskey, 
1987; Grompe et al., 1989; Rossiter and Caskey, 
1990; Cotton, 1989, 1991, 1992). One of these was 
particularly detailed (Cotton, 1991) and reviewed 
the area up to the end of 1990 and a subsequent 
review (Cotton, 1992) is essentially an update of 
this review to near the end of 1991. The field is 
evolving so rapidly that frequent reviews are nec
essary to monitor important new methods and 
modifications of older methods; it is also impor
tant to assess the effectiveness of methods after a 
time in operation. 

This review aims to provide a brief description 
of the principles and practice of methods avail
able at this time together with their variants, and 
a discussion of their advantages and disadvan
tages. Key illustrative applications will be given. 
For more detail (and further examples) the reader 
is referred to an earlier review (Cotton, 1991). 
Only those methods used actively at present or 
those described in the last few years will be 
covered. Methods to detect the more obvious 
deletion/ insertion mutations have been covered 
earlier (Rossiter and Caskey, 1990) and will not 
be covered here, where detection of point muta
tions will be emphasized. It should be noted that 
some of the methods mentioned below will be 
reviewed in more detail in another issue of Muta
tion Research. 

Screening methods 

The screening methods can be divided into 
two types: (a) those simple methods which rely on 
differences in electrophoretic properties being 
generated between mutant and wild-type nucleic 
acid by point mutations (these methods cannot, 
as currently used, detect all mutations, do not 
localize them within the fragment, and can only 
be applied to DNA fragments hundreds of bases 
long), (b) and another group which includes 
cleavage methods and the carbodiimide method 
(which can screen kilobase lengths and localise 
the mutations to within 10 bases in the fragment 
examined). The subcategOJy of chemical methods 
have the potential to detect all mutations. Se
quencing is more frequently used to detect un
known mutations than it is for diagnostic pur
poses. 

Ribonuclease cleavage (RNAase) 
Many ribonucleases cleave single-stranded 

RNA after pyrimidine residues. This finding was 
exploited when it was found that single base-pair 
mismatches in RNA: RNA heteroduplexes were 
cleaved by ribonuclease (Freeman and Huang. 
1981; Winter et al., 1985) as well as in RNA: DNA 
heteroduplexes (Myers et al., 1985a). 

The method was given considerable impetus 
when uniformly labelled probes could be conve
niently produced as described in 1984 using the 
SP6 system (Melton et al., .1984). Application of 
the method directly to unamplified genomic DNA 
has been reported (Myers et al., 1985a; Kaufman 
et al., 1990). Cleavage of the DNA to which the 
cleaved RNA was hybridized is possible via S1 
nuclease (Atweh et al. , 1988). Cleaved RNA bas 
been detected after transfer to a membrane and 
hybridization with probe (Genovese et al., 1989). 

The main advantage of the method is that it is 
a simple single-step reaction which locates the 
mutations within the fragment. This is, however, 
offset by the fact that special RNA probe has to 
be prepared and that only about 70% of aU 
mutations are detected (Myers et al., 1985a). This 
is because when purines appear in the probe at 
the mismatch most mismatches are not cleaved. 

Despite the aforementioned disadvantages the 
method has been used until the present day. For 
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example, variation in HIV isolates have been 
studied (Lopez-Galindez et al., 1991), the pattern 
generated after digestion by RNAase being in
dicative of geographical distribution and tempo
ral appearance of resistance to AZT. In addition, 
a number of mutations in the ape gene were 
identified with ribonuclease (Nishisho et al., 
1991). The method has also been applied to the 
intensively studied p53 gene in tumours and cell 
lines (Kim et al., 1991). 

The fact that around 30% of mutations are 
missed with this method is a considerable short
coming, if a simple single-step screening method 
capable of detecting 100% of mutations becomes 
available the RNAase method is bound to de
crease in both use and value. 

Denaturing gradient-gel electrophoresis (DGGE) 
and related techniques 

When double-stranded DNA is electropho
resed into a gradient of increasing denaturant a 
portion of a given strand separates but the strands 
are anchored together by the portion (higher 
melting domain) which has not melted at this 
point. This split in the duplex suddenly arrests 
the movement of the molecule in the gel. If a 
single-base change is present in a similar duplex 
in the split portion, the denaturant concentration 
for strand separation is usually different, thus the 
arrest of movement occurs at a different position 
in the gel and a mutation can be detected by the 
differential positions of arrest (Myers et al., 
1985b). The difference between the positions of 
arrest is greater if hcteroduplex molecules (be
tween mutant and wild-type) are used. The gel is 
poured with an increasing gradient of denaturant 
(formamide) and run at 60°C in a special appara
tus needed to keep the temperature constant. 
The length screened is 50-500 bp and it is possi
ble to use unlabelled DNA. 

There has been considerable evolution of the 
method since it was first described, and also there 
arc a number of variants. Changes have been 
directed either to increasing the percentage of 
mutations detected or to simplifying the method
ology. The most important modification has been 
the placing of a high melting point 40-base GC 
rich sequence (the GC clamp) at one end of the 
fragment to be screened. Most recently this has 
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been achieved using PCR technology, with spe
cial primers being synthesized with a clamp at
tached (Sheffield et al., 1989, 1992a). This means 
the whole area to be screened is in a low melting 
point domain and that ''almost all'' mutations, 
instead of about 50%, can be detected. In the 
practical situation it was found that mutant sam
ples had to be mixed with normal DNA to ensure 
heteroduplexes were formed in order to ensure 
detection of a maximal number of mutations (Cai 
and Kan, 1990; Higuchi et al., 1990). Kilobase 
lengths of genomic DNA can be screened for 
polymorphisms (60% of any base changes) by 
digestion with restriction enzymes, separation by 
DGGE, blotting onto a membrane and then 
probing with relevant genes (Gray, 1992). 

Further modifications have attempted to avoid 
the use of the special apparatus altogether. Smith 
et al. (1988) melted the duplexes in solution con
taining stepwise increases in denaturant and 
analysed them by standard polyacrylamide gel 
electrophoresis. Another variation has been to 
usc a temperature rather than a liquid-de
naturant gradient (Rosenbaum and Rcissuer, 
1987). The most recent modification leading to 
greater simplicity has been the constant denatu
rant gel electrophoresis (CDGE) method (Hovig 
et al., 1991). Here separation is undertaken at 
that concentration of denaturant which corre
sponds to that of the melting domain of the 
fragment being analysed. The authors reported 
detection of 6 of 7 mutations at a particular locus 
whereas 3 of 7 were found with conventional 
DGGE. This low detection rate with conventional 
DGGE was despite the use of a GC clamp which 
is rather surprising. 

One of the special and important advantages 
of the above method (and other methods separat
ing intact mutant and wild-type molecules during 
analysis (see below)) is the fact that mutant 
molecules can be isolated from gels for further 
analysis such as sequencing. This feature was 
exploited in the study of errors during PCR am
plification (Keohavong and Thilley, 1989). Other 
advantages are the fact that it can be used in 
unlabelled mode, it can be used directly on on
amplified genomic DNA, and a result can be 
obtained in 24 h. A particular disadvantage of 
almost all variants is that either preliminary ex-
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