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Technical 

Improved 
Heteroduplex 

Detection of 
Single-base 

Substitutions in 
PCR-amplified 

DNA 
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Department of Human Genetics, 
Faculty of Medicine, University of 

Stellenbosch, Tygerberg, 7505, South 
Africa 

The ability to detect mutations in indi- 
viduals and the subsequent DNA diagno- 
sis of genetic diseases are becoming in- 
creasingly important for the researcher 
and diagnostician. Single-base substitu- 
tions (80-90%) can be detected by sin- 
gle-strand conformation polymorphism 
(SSCP) (1) or heteroduplex (2~ analysis of 
PCR-amplified DNA in polyacrylamide 
gels. Although both methods are simple, 
the SSCP method described earlier is 
used more frequently for mutation de- 
tection. (3) A drawback of this method, 
however, is that different mutations may 
require specific conditions to be de- 
tected by SSCP analysis. Furthermore, re- 
producibility is compromised because 
minor variations in specific gel running 
conditions can decrease the difference in 
mobility among conformations, thus 
complicating unequivocal scoring of ab- 
errations. On the other hand, variations 
in the gel running conditions have little 
or no effect on the visualization of aber- 
rant heteroduplex bands (A.V. Peeters, 
unpubl.). PCR products can be loaded di- 
rectly onto a gel for heteroduplex analy- 
sis, whereas an additional denaturation 
step is required for SSCP analysis. In a 
comparative study, White et al. (4) re- 
ported detection of eight of nine muta- 
tions by heteroduplex analysis, whereas 
only one of these single-base mis- 
matches could be detected by SSCP anal- 
ysis. We attempted to further improve 
the mutation detection efficiency of the 
heteroduplex method by lowering the 
extent of cross-linking [percent cross- 
linking, polyacrylamide (%C)] in gels. In 
doing so, the resolving power and sensi- 
tivity of standard polyacrylamide gels 
were enhanced. 

MATERIALS AND METHODS 

Genomic DNA was extracted from blood 
samples of a normal control group and 
hypercholesterolemic patients, who 
were heterozygous for known point mu- 
tations (s-11) in the low-density lipopro- 
tein receptor (LDLR) ~ and apolipopro- 
tein (apo) B (13) genes, using a standard 
lysis method. ~ DNA regions spanning 
the mutation sites were PCR ampli- 
fied using exon-specific oligonucleotide 
primers (Table 1) as described previ- 
ously.(s-s) 

Visualization of the heteroduplex for- 
mation that occurred during PCR was 
compared on 5%C and 1%C polyacryla- 
mide gels (1 mmx15  cmx30 cm). The 

5%C gel was made according to White et 
al. (4) The low cross-linking (1%C) 10% 
polyacrylamide gel was made from a 
40% stock solution containing 40% acry- 
lamide and 0.4% N,N'-methylenebis- 
acrylamide. Both gels were supple- 
mented with 15% urea (4) and run in 
0.6 x TBE. Aliquots (5-7 i~l) of the differ- 
ent PCR products were mixed with an 
equal volume of loading buffer (95% for- 
mamide, 10 mM EDTA, 0.05% bro- 
mophenol blue, 0.05% xylene cyanol) 
and run overnight at 150 V in a water- 
jacketed apparatus at room temperature 
(<30~ These running conditions were 
maintained until fragments had mi- 
grated at least 25 cm. The gel was then 
stained with ethidium bromide and pho- 
tographed under ultraviolet light. 

RESULTS AND DISCUSSION 

Previously identified point mutations in 
the LDLR and apo B genes (Table 1) were 
used to determine whether increased 
sensitivity of heteroduplex analysis can 
be achieved by using low percentage 
cross-linked polyacrylamide gels. Al- 
though different acrylamide/bisacryla- 
mide ratios have been described for op- 
timal detection of specific mutations 
using SSCP analysis, (Is) this is the first 
application in heteroduplex analysis. 

Figure 1 compares the efficiency of 
detecting heteroduplex formation in pa- 
tients heterozygous for seven different 
single-base substitutions (lanes 2,3,5,7) 
on 5%C (A,C) and 1%C (B,D) polyacryla- 
mide gels. PCR product from a normal 
control was loaded in lanes 1,4, and 6. In 
Figure 1A, the relatively large 428- and 
345-bp PCR products of the LDLR and 
apo B genes, respectively, appear as 
smears on a 5%C polyacrylamide gel, 
making it impossible to distinguish the 
heteroduplex bands in lanes 2 (C2os4-T), 
3 (C19s9-T), and 5 (Gxo7os-A) from the 
homoduplex bands. However, when 
equal amounts from the same PCR prod- 
ucts were electrophoresed the same dis- 
tance under identical conditions on a 
1%C polyacrylamide gel, heteroduplex 
formation could be observed in patients 
heterozygous for the three different 
point mutations (Fig. 1B). Analysis of 
LDLR gene fragments of 234 and 215 bp 
on a 5%C polyacrylamide gel enabled 
detection of distinct heteroduplex bands 
in only two of the four point mutations 
tested (Fig. 1C). In the low cross-linking 
gel (Fig. 1D) all four mutations (C681-G, 
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TABLE 1 Point Mutations in the LDLR and apo B Genes Analyzed by Heteroduplex 
Analysis of PCR-amplified DNA in 1%C and 5%C Polyacrylamide Gels 

Exon/ 5' PCR primer (5' ~ 3')* Fragment 
Mutation intron 3' PCR primer (5' --~ 3') size (bp) Reference 

LDLR gene 
G324-T 4 

C6sl-G 4 

G6s2-A 4 

G-C 7 

C1959-T 13 

Cz0s4-T 14 

apo B gene 
Glo7oa-A 26 

CATCCATCCCTGCAGCCCCC* 215 5 
GGGGTCGTTGTCGCAGGCCC 
CGACTGCGAAGATGGCTCGGA* 234 6 
GGGACCCAGGGACAGGTGATAGGAC 
CGACTGCGAAGATGGCTCGGA* 234 7 
GGGACCCAGGGACAGGTGATAGGAC 
GGCGAAGGGATGGGTAGGGG* 234 8 
GTTGCCATGTCAGGAAGCGC 
GACAAAGTATTTTGGACAGA * 428 9 
CTGTGAGGCAGCTCCTCATG 
GACAAAGTATTTTGGACAGA* 428 10 
CTGTGAGGCAGCTCCTCATG 

GGAGCAGTTGACCACAAGCTTAGC* 
CAGGGTGGCTTTGCTTGTATGTTC 

345 11 

(*)Upstream amplification primer. 

lane 2; G68z-A, lane 3; G324-T, lane 5; 
G-C, lane 7) could be detected, and the 
difference in mobili ty between hetero- 
duplex and homoduplex  bands was 

FIGURE 1 Heteroduplex analysis of seven 
known point mutations in the LDLR and apo 
B genes. PCR products of 428 and 345 bp 
(A,B), and 234 and 215 bp (C,D), were electro- 
phoresed under identical conditions on 5%C 
(A, C) and 1%C (B,D) polyacrylamide gels. PCR 
products from a mutation-negative control 
were loaded in lanes 1, 4, and 6. Relatively 
large PCR products from patients heterozy- 
gous for the C2os4-T, C1959-T, and Gao7os-A 
mutations were loaded in lanes 2, 3, and 5, 
respectively (A,B), whereas smaller PCR prod- 
ucts from patients heterozygous for the C68 l- 
G, G68z-A, G324-T, and G-C mutations were 
loaded in lanes 2, 3, 5, and 7, respectively 
(C,D). 

greater. The same improved results can 
be obtained on Hydrolink-MDE gels (AT 
Biochem, Malvern, PA) supplemented 
with 15% urea (data not shown), but at a 
much  higher cost. 

We used only seven mutations (s-11) 
in five different DNA fragments in the 
above comparisons, and it remains to be 
investigated as to how valuable this ap- 
proach is in improving detection of sin- 
gle-base changes. Three single-base sub- 
stitutions O6'17) analyzed did not show 
heteroduplex formation in any of the gel 
systems tested, al though abnormal  SSCP 
patterns could be observed after denatur- 
ation of PCR products and electrophore- 
sis under  specific conditions in nonde- 
natur ing polyacrylamide gels (data not 
shown). The opposite was, however, ob- 
served by White et al., (4) where the ma- 
jority of mutations were only detectable 
by heteroduplex analysis and not  by 
SSCP analysis. The heteroduplex method  
detects mutat ions on the basis of a dif- 
ferent principle than that of SSCP, and a 
combined approach of testing the same 
PCR product on both types of electro- 
phoresis systems is highly sensitive. The 
ability to detect a specific mutat ion by 
SSCP and/or heteroduplex analysis is 
largely dependent  on the sequence of 
the relevant DNA fragment,  (1'4) whereas 
lowering the extent of cross-linking in 
standard polyacrylamide gels improves 
visualization of aberrant bands after 
electrophoresis. 

We thus conclude that low cross-link- 

ing polyacrylamide gels are highly sensi- 
tive in detecting single-base substitu- 
tions as heteroduplexes (and/or SSCPs). 
They also provide a less expensive alter- 
native to Hydrolink-MDE gels for high 
resolution analysis. 
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