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A rapid and simple method for sex identification by heteroduplex analysis,
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Abstract A novel method for sex identification, using
a denaturing high-performance liquid chromatography
(DHPLC) system, is described. Among many methods for
identifying sex, the most popular and credible system has
been the polymerase chain reaction (PCR) method, using
nucleotide primer sets of the amelogenin gene, which is
shared on both the X and Y chromosomes. With this con-
ventional method, the judgment depends on detection of
the size difference between the PCR products derived
from the X and Y chromosomes. In this study, we adopted
DHPLC to detect the difference by checking heterodu-
plex formation between the products, which enabled us to
shorten the PCR products to 45bp and the separation time
to within a period of 8min per sample. This new system
may have wide applications in many different fields, such
as forensic medicine, prenatal diagnosis, inbreeding of ani-
mals, and anthropology.
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Introduction

For many fields, such as forensic medicine and prenatal
diagnosis, a rapid and accurate sex identification system
is very important. A polymerase chain reaction (PCR)-
based sex identification system, using primer sets of the
amelogenin gene, is conventionally used because of its sim-

plicity (Nakahori et al. 1991b; Sullivan et al. 1993; Mannuci
et al. 1994)

The PCR-based sex identification using primer sets of
the amelogenin gene has some advantages, as follows
(Nakahori et al. 1991b): first, with the PCR-based method,
only a small amount of genomic DNA is necessary for
the analysis. Second, the PCR product derived from the X
chromosome is, automatically, a positive control, because
both males and females have at least one X chromosome
(Nakahori et al. 1991a). This conventional system depends
on the difference in the length of the PCR products derived
from the X and Y chromosomes. Therefore, separation of
the PCR products, using electrophoresis, must be done.

In recent years, a denaturing high-performance liquid
chromatography (DHPLC) system has been developed
(Underhill et al. 1996, 1997). This system, which combines
an HPLC system and heteroduplex analysis, has very high
sensitivity for detecting mutational changes in nucleotides
(Wagner et al. 1999a, b).

Here, we show a useful method for sex identification,
using a DHPLC system, based on heteroduplex analysis
with primer sets of the amelogenin gene; we also discuss the
wider application of the system.

Materials and methods

DNA extraction. Genomic DNAs were prepared from
peripheral leukocytes according to the standard method
(Maniatis et al. 1983).

PCR conditions. The reaction was performed in a total
volume of 20µl, containing 5ng genomic DNA, 1.5mM
MgCl2,10mM of a TrisHCl-buffer (pH 8.3), 50mM KCl,
0.001% (w/v) gelatin, 0.25mM of each dNTP, 1µM of
each primer, and 0.1U of Ampli Taq Gold DNA poly-
merase (Perkin-Elmer, Norwalk, CT, USA). The above
were cycled at 94°C for 9min, followed by 35 cycles of 94°C
for 30s, 60°C for 30s, and 72°C for 1min, and a final exten-
sion at 72°C for 10min. Finally, for heteroduplex formation,
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each PCR product was denatured at 95°C for 5min and
gradually cooled to 10°C.

DHPLC analysis. DHPLC analysis has already been
described elsewhere (Underhill PA et al. 1996; 1997). In
brief, after heteroduplex formation of the PCR products,
2µl of each PCR product was automatically submitted
to 264injection and analyzed using the WAVE system
(Transgenomic, Omaha, NE, USA). The flow speed and
the ratio of the buffer system were determined using the
WAVE system software.

Results

A PCR system using primer sets of the amelogenin gene
simultaneously amplified the fragments derived from both
the X and Y chromosomes. All primer sets, listed in Table
1, worked well. The sequences of PCR products derived
from the X and Y chromosomes were similar, except for
some deletions and base substitutions (Table 1). Therefore,
heteroduplex formation between the PCR products derived
from the X and Y chromosomes occurred readily. After
heteroduplex formation, sex identification was carried out,
using the DHPLC system. The temperature of the oven for
the DHPLC system was increased to 62°C for the primer
sets AME I and II, and to 60°C for AME III. Male-specific
and female-specific peak profiles were easily detectable
with each primer set. Each primer set gave good reproduc-
ible chromatograms (Fig. 1). The primer set AME I gener-
ated one peak for females and two for males. The primer
set AME II generated two peaks for females and three for
males. For the AME III primer set, which can amplify only
a 45-bp fragment of the amelogenin gene, several peaks
were observed for both females and males. In addition to
these common peaks, a Y-specific peak was also detected
for males. For each primer set, we carried out sex iden-
tification in a total of 20 samples whose sex had already
been determined using the conventional PCR-based
method with the primer set of the amelogenin gene. The
sexes determined in each sample using our method were
completely consistent with those determined using the con-
ventional method.

Discussion

We developed a simple method for sex identification, us-
ing a DHPLC system. We combined the DHPLC system
and a sex identification system, using primer sets of the
amelogenin gene. The conventional PCR-based sex identi-
fication using this primer set has some advantages. Even a
small amount of sample DNA is enough for sex identifica-
tion. The primer sets of the amelogenin gene can simulta-
neously amplify the fragments derived from both the X and
Y chromosomes. Because the X chromosome is shared by
males and females, the PCR product derived from the X
chromosome automatically becomes a positive control for
the reaction.

In addition to these advantages, our sex identification
system has further advantages. The conventional sex identi-
fication system depends on the difference in the length of
the PCR products derived from the different sex chromo-
somes, determined using gel electrophoresis (Nakahori et
al. 1991b). Therefore, the length of the PCR products is a
critical matter. Our system, on the other hand, depends on
the heteroduplex formed between the fragments derived
from the two sex chromosomes. The DHPLC system can
detect both differences in the length and in the nucleotide
base substitutions, of the PCR products (Underhill et al.
1996; 1997). Therefore, for our system, the length of the
PCR products is not so critical, and they can be shorter
than those used in the conventional method. In this study,
we identified the sex using only 45-bp fragments of the
amelogenin gene. Therefore, our sex identification system
has an advantage in regard to the analysis of crude or frag-
mented DNA samples. Furthermore, because our system
is based on DHPLC, analysis for sex identification can be
carried out automatically without any gels, within a time
period of 8min per sample.

In this study, the primer sets AME II and AME III
generated more than two peaks on the chromatograms for
both males and females. Several possible explanations can
be given for this finding. Under the conditions used in this
study, several stable heteroduplexes were formed. If the
PCR products are short, such products may easily form
heteroduplexes with primers, and such heteroduplexes may
generate complex peak patterns.

Table 1. List of primer sets of the amelogenin gene used in this study, and characteristics of the PCR products

Length of PCR Differences between X
Primer set Primer Sequence products (bp) and Y fragments

AME I Forward: Amel Aa 59-CCCTGGGCTCTGTAAAGAATAGTG X:106 7 Base substitutions and
Reverse: Amel Ba 59-ATCAGAGCTTAAACTGGGAAGCTG Y:112 6 base deletions

AME II Forward: Amel NS1 59-CCCCTTTGAAGTGGTACCAG X:81 4 Base substitutions and
Reverse: Amel NS2 59-GCATGCCTAATATTTTCAGGG Y:84 3 base deletions

AME III Forward: Amel NF 59-CTTGCCTCCTAGCATATAAG X:45 1 Base substitution
Reverse: Amel NR 59-CCATCACACACATTCTTCATC Y:45

PCR, Polymerase chain reaction
a Primers Amel A and Amel B have already been reported elsewhere (Beraud-Colomb et al. 1995)
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Because our method, essentially, depends on detecting
heteroduplexes formed between different sex chromo-
somes, our heteroduplex-based sex identification system
will become easier to use if new equipment for detecting
heteroduplexes is developed.

In conclusion, we have described a novel sex identifi-
cation system, based on heteroduplex analysis, using a
DHPLC system. Our new sex identification system is very
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simple to use, and is widely applicable. We are convinced
that our new method will have wide applications in many
different fields.
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Fig. 1A–C. Examples of sex
identification using denaturing
high-performance liquid chroma-
tography (DHPLC) system. Each
primer set generated different
peak profiles. The peak profiles
for females and males are overlaid
on each chromatogram. A Primer
set AME I; B primer set AME II;
C primer set AME III. Although
the retention time for heterodu-
plex and homoduplex formation
is not completely reproducible,
the shape of the wave complexes
is usually reproducible. The arrow
in C shows a male-specific peak.
The vertical and horizontal scales
show the intensity of the peak,
and the time elapsed after injec-
tion, respectively
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