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● Context.—Real-time polymerase chain reaction technologies have replaced many of the more labor-intense methods in the molecular diagnostics laboratory. Similarly, melt
curve analysis can provide a rapid means of mutation
screening.
Objective.—To determine if real-time polymerase chain
reaction and melt curve analysis using the SmartCycler II
could be used as a screening tool for 3 common mutations
in BRCA1 and BRCA2.
Design.—Real-time polymerase chain reaction amplification with SYBR Green I detection was performed on
DNA from cell lines known to carry the 185delAG or
5382insC mutation in BRCA1 or the 6174delT mutation in
BRCA2. The melting temperatures and the melt curves
were analyzed for differences between wild-type DNA and
cell lines that were heterozygous for each mutation.

Results.—Significant differences were present in the
melt curves for each of the mutations compared with those
of the wild-type sequences. The melt curve for the
185delAG mutation showed a separate peak at a lower
temperature, which represented the melting temperature
of the heteroduplex. For the 6174delT mutation, the melt
curve had a shoulder at a lower temperature, while the
melt curve for the 5382insC mutation was shifted to the
left and was broader than that for the wild-type sequences.
Conclusions.—High-resolution melt curve analysis is a
quick, reliable method for identifying mutations due to
small deletions or insertions. As a proof of principle, we
used this assay to identify the 3 most common BRCA1 and
BRCA2 mutations in the Ashkenazi Jewish population.
(Arch Pathol Lab Med. 2006;130:185–187)

B

High-resolution melt curve analysis has been used to
identify various types of mutations in other genes.9,10 The
technique detects mutations based on different melting
temperatures (Tms) of the complementary double-stranded polymerase chain reaction (PCR) product and the heteroduplexes. An advantage of this technique is that the
detection takes place in the same instrument and reaction
tube as the amplification. This eliminates postamplification manipulation of the product and makes it much faster
and less labor intensive than other screening methods.
In this study, as a proof of principle, we wanted to determine whether melt curve analysis using the SmartCycler II could be used to identify 3 common mutations
in the BRCA genes. These genes were selected because
they consist of deletions or insertions of only 1 or 2 base
pairs (bp).

RCA1 and BRCA2 function as tumor suppressor genes
and encode proteins involved in DNA repair.1. Women carrying mutations in these 2 genes have a dramatically
increased risk of developing breast and ovarian cancer in
their lifetime.2–5 More than 400 different mutations have
been identified in these 2 genes. However, 3 mutations
(185delAG and 5382insC in BRCA1 and 6174delT in
BRCA2) have a combined incidence of greater than 2% in
the Ashkenazi Jewish population.6,7 This greatly exceeds
the incidence of BRCA mutations found in the general population. Identifying carriers of these mutations is important because interventions such as early breast cancer
screening and prophylactic oophorectomy can decrease
morbidity and mortality in these patients.8
In a clinical setting in which there is an increased risk
for a mutation that has not yet been identified in the family, DNA sequencing has become the most common method used for mutation detection. However, mutation screening techniques such as heteroduplex analysis and singlestranded conformational polymorphism analysis have
been used as an initial screen before DNA sequencing.
Both of these methods are time consuming and labor intensive.
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MATERIALS AND METHODS
Cell Line Controls
Genomic DNA samples from cell lines heterozygous for each
of the 3 mutations were purchased from Coriell Cell Repositories
(Camden, NJ). The BRCA1 185delAG and 5382insC mutant DNAs
were from cell lines NA14090 and NA13175, respectively. The
BRCA2 6174delT mutant DNA was from cell line NA14170. The
mutation status of the DNA from each cell line was confirmed
using a PCR-mediated site-directed mutagenesis assay as previously described.11

PCR Primers
The primers used for amplification of the 3 gene segments were
purchased from Applied Biosystems (Foster City, Calif) and are
described herein. The normal amplicon size (in bp) and calculated Tms for wild-type and mutant sequences are given.
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Figure 1. Polymerase chain reaction (PCR) amplification curves. The
fluorescence of each PCR reaction is plotted versus the cycle number.
A, Reactions using the BRCA1 185delAG primers. B, Reactions using
the BRCA1 5382insC primers. C, Reactions using the BRCA2 6174delT
primers.

BRCA1 185delAG mutation (amplicon size, 70 bp; wild-type Tm,
768C; mutant Tm, 758C):
Forward primers: 59-CGTTGAAGAAGTACAAAATGTC-39
Reverse primers: 59-GCTGACTTACCAGATGGGA-39
BRCA1 5382insC mutation (amplicon size, 74 bp; wild-type Tm,
818C; mutant Tm, 818C):
Forward primers: 59-TCAATGGAAGAAACCACCAA-39
Reverse primers: 59-TGAGGGAGGGAGCTTTACCT-39
BRCA2 6174delT mutation (amplicon size, 69 bp; wild-type Tm,
768C; mutant Tm, 768C):
Forward primers: 59-TTGTGGGATTTTTAGCACAGC-39
Reverse primers: 59-CTTGCGTTTTGTAATGAAGCA-39

Real-time PCR
Each DNA sample was amplified in triplicate with the mutantspecific primers described in the previous subsection by real-time
PCR using the SmartCycler II (Cepheid, Sunnyvale, Calif). The
DNA samples carrying mutations other than the one for which
the primers were designed served as negative controls because
the amplified sequences in these samples were normal at that
locus.
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Figure 2. Melt curves. The negative of the first derivative of each melt
curve is plotted versus the temperature. Genomic DNA carrying mutations other than the one amplified serve as negative controls because
the amplified sequence in these samples is normal. A, Reactions using
the BRCA1 185delAG primers. B, Reactions using the BRCA1 5382insC
primers. C, Reactions using the BRCA2 6174delT primers.

Polymerase chain reaction was carried out in a total volume of
25 mL containing 2 mL of genomic DNA (70 ng), 1 mL of primer
mix (containing 25 pmol of the forward and reverse primers in
water), 12.5 mL of SYBR Green I master mix (Applied Biosystems), and 9.5 mL of water. The PCR conditions were as follows:
an activation step at 958C for 10 minutes followed by 40 cycles of
denaturation at 958C for 15 seconds, annealing at 608C for 30
seconds, and extension at 728C for 30 seconds.

Melt Curve Analysis
Depending on the Tm of a specific amplicon, the melt curve
identifies a characteristic Tm that can distinguish between amplicons that differ by only a single base. For our study, melt curve
analysis was performed in triplicate following PCR amplification.
The PCR amplicons were heated to 958C for 5 minutes and then
cooled to 408C for 5 minutes. Using the SYBR Green I channel,
melt curve data were then collected from 408C to 958C at a ramping rate of 0.58C per second with the optics on.
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RESULTS
The PCR amplification curves for each reaction are
shown in Figure 1. The cycle threshold values were as
follows: 27.0 for BRCA1 185delAG (Figure 1, A), 26.6 for
BRCA1 5382insC (Figure 1, B), and 23.1 for BRCA2
6174delT (Figure 1, C).
Melt curve analysis was then performed on all replicate
PCR samples. The specific Tms for wild-type and mutant
sequences were determined in triplicate. Replicate Tms for
wild-type and mutant sequences were within 18C of each
other for the different mutations, and the shapes of the
curves were indicative of heteroduplex formations between mutant and wild-type alleles.
The melt curves of the amplified BRCA1 185delAG
products (Figure 2, A) showed a single peak at 73.58C
with the control wild-type DNA. The heterozygous control DNA sample for this mutation, however, showed an
additional peak at 718C. This lower peak represents the
Tm of the heteroduplex that consists of 1 wild-type strand
and 1 mutant strand.
The melt curve of the BRCA1 5382insC amplified product (Figure 2, B) had a Tm of 79.28C in the wild-type sequence. The DNA from the heterozygous sample for this
mutation showed a broadened melt curve and a shift of
the curve to the left. Although a distinct separate peak is
not seen in this case, the shape of this peak is consistent
with a Tm of the heteroduplex being very close to that of
the complementary normal or wild-type sequence.
The melt curve of the BRCA2 6174delT amplified product (Figure 2, C) showed a shoulder to the left of the main
peak, representing melting of the heteroduplex in the
DNA heterozygous for this mutation. This shoulder is absent in the DNA samples containing wild-type sequence.
COMMENT
In this study, we show that high-resolution melt curve
analysis can be used successfully to identify the 3 most
common BRCA1 and BRCA2 mutations in the Ashkenazi
Jewish population. This technique can detect a 1-bp difference in PCR-amplified products and eliminates the
need for DNA sequencing or electrophoresis to detect
these mutations. Because the reaction and analysis take
place in the same instrument, the only manual component
to the test is setting up the reactions. Our total turnaround
time for this procedure was less than 2 hours.
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Using cell line control DNA, the described set of primers appears to be specific for the given mutations. However, it is possible that in some patient samples some other
mutations or polymorphisms may be found within these
amplified products. In that case, the melt curves for these
genetic alterations would result in Tms that are different
from those of the wild-type or the mutation sequences being screened for. These cases would require sequencing to
identify the specific mutation, unless known mutant control DNA was also analyzed for each.
High-resolution melt curve analysis is a useful method
to screen for the 3 most common BRCA1 and BRCA2 mutations in the Ashkenazi Jewish population. In addition,
this technique may be efficient in screening for other mutations in oncogenes and tumor suppressor genes. Furthermore, we have demonstrated that high-resolution melt
curve analysis can identify small deletions or insertions,
as characterized by the 3 mutations analyzed in this study.
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