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Abstract We developed an assay, which allows the sex
determination of human DNA samples by pyrosequencing
of short PCR products. A 48/45-bp stretch including
primers of the amelogenin gene with a 3-bp insertion on
the Y chromosome was chosen for analysis. In an initial
study, we correctly typed 50 male and 50 female DNA
samples from unrelated donors. First experiments with
forensic samples, which failed in conventional analyses,
indicate that this approach might be an advantage when
dealing with degraded DNA.
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Introduction

The amelogenin sex test has become indispensable in
forensic casework not only with respect to rape cases but
also in most commercially available polymerase chain
reaction (PCR) kits [1, 2]. There are also a number of
clinical questions where a reliable sex test is crucial, e.g.,
for prenatal diagnosis of hemophilia [3] or generally the
determination of the copy number of sex chromosomes.
Moreover, it is conceivable that when dealing with mass
disasters or large burial sites—archaeological or recent—a
reliable and straightforward method to distinguish male
from female individuals is valuable.

The principle of the commercially available forensic sex
tests is based on the fact that numerous polymorphisms are
present on the two homologous copies of the amelogenin
gene on the X and Y chromosomes (AMELX/AMELY).
The primer pairs used for genotyping are mainly those
described by Sullivan et al. detecting a 6-bp deletion/
insertion on the X/Y chromosomes [4]. The relatively short
amplicon length of 106 and 112 bp, respectively, is usually
sufficient for routine DNA typing. However, in respect to
highly degraded DNA, even this stretch might be too long
for sufficient analysis.

Therefore, we developed a PCR test based on the
published sequence of the amelogenin loci on chromo-
somes X and Y. The only prerequisite of the search for
suitable regions was a maximum length of about 50 bp
including primers. We identified a region of 48 bp that
includes a central 3-bp insertion on the Y chromosome
(Fig. 1).

Typing of the respective alleles was performed by
pyrosequencing. This is a relatively new and rapidly
evolving DNA sequencing method based on a chemilumi-
nescent enzymatic reaction. Initially, this was mainly used
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X: CCCTTﬂGMGTGGTACCAGAGCAtT - --AAGGCCACCGGTATGTAGACA

Y: CC CTT’ﬂGMGTGGTACCAGAGCAh‘GATAAGACCAC CAGTATGTAGACA

dispensation order: CTGACGT

X: TAAGG

Y: TGAT

XX: TTAAAAGG
XY: TTGAAAGGT

Al
A
A
XX: T A G\__
Al
A G
XY: T G A G

Fig. 1 a Analyzed X- and Y-chromosomal sequences of the
amelogenin gene; underlined are the PCR primers; the primers used
for pyrosequencing are boxed. b Dispensation order for the pyrose-
quencing reaction, list of the analyzed sequences (X and Y
chromosomes) and the expected sequencing result for female and
male individuals. ¢ Expected pyrogram

for very fast sequence determinations of short DNA
fragments, but several applications are at hand today [5—7].

In an initial blind study, we typed 100 randomly chosen
DNA samples of healthy donors of known sex. Addition-
ally, we tried to resolve the sex of seven bone samples,
which failed in conventional analysis with commercially
available PCR Kkits.

Materials and methods
PCR amplification

The chosen primers flanked a 3-bp GAT insertion on the Y
chromosome located at nucleotide position 1499-1501 on
the human amelogenin gene (Y chromosome, GenBank
accession no.: M55419). The respective location on the X
chromosome is 1680 (accession no.: M55418). The primer
sequences were F5'-CCCTTTGAAGTGGTACCAGAG-3/,
R5'-biotin-TGTCTACATACYGGTGGYCTT-3'. The
mixed purine bases (T/C = Y) in the reverse primer were
necessary because of two G—A transitions (Fig. 1a). PCR-
conditions: Approximately 10 ng of DNA was added to a
standard reaction mix in a volume of 50 pl containing
10 pmol of each primer and 2.5 U AmpliTaq Gold DNA
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polymerase (Applied Biosystems, Foster City, CA, USA).
After an initial denaturation for 7 min at 95°C, 35 cycles
with 15 s at 95°C, 15 s at 48°C, and 15 s at 72°C were
performed followed by a final extension of 10 min at 72°C.

Pyrosequencing

Using a 4-enzyme mixture, this sequencing-by-synthesis
method relies on the luminometric detection of pyrophos-
phate released upon nucleotide incorporation [8]. Each light
signal is proportional to the number of incorporated
nucleotides. Sample preparations and pyrosequencing reac-
tions were performed as previously described [9]. The
following primer was used in the reaction: 5'-GAAGTGG-
TACCAGAGCA-3'. Figure 1 shows the general setup and
the theoretical outcome of the experiments.

Results

In a blind study, we typed 100 DNA samples, 50 from male
and 50 from female donors with the described assay. All
gave a result corresponding to the recorded sex of the
respective donor (Fig. 2). We then tested seven DNA
extracts from unearthed bones buried for 1 to 12 years,
which failed in conventional short tandem repeat (STR)
typing, presumably due to degradation. Six of these
samples showed weak but sufficient and reproducible
results.

Discussion

Sex determination of human DNA samples by typing of
polymorphisms of the amelogenin gene is a routinely
applied method in forensic casework and clinical testing.
Usually, samples are analyzed with conventional methods
such as electrophoresis of PCR products. Although failures
in detection of the Y-chromosome-specific allele have been
reported [10], typing of the amelogenin locus can still be
regarded as a sufficient approach for routine sex determi-
nation in forensic DNA testing. However, if the sex is of
crucial importance for further investigations or ambiguous
results are obtained, additional tests based on other suitable
sex specific loci such as the SRY gene or Y-chromosome-
specific STRs [11] might be advisable [2, 12]. In clinical
diagnostics, e.g., prenatal diagnostics of male specific
diseases, additional typing of further loci is imperative [13].

Our test does not solve the above-described problems.
However, with the method presented, the reliable ameloge-
nin typing of 100 samples is feasible in ca. 3 h including
PCR. It is therefore suitable for routine sex determinations
of large sample numbers. The PCR products are of minimal
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Fig. 2 Typical pyrograms of @
female (a) and male individuals

(b). The last T peak in the
female individual is clearly be-

low the threshold. Asterisk 180
spacers

140} -

P S—

1301~

size, and the results were promising regarding degraded
samples. Further experiments will show if this approach is
especially suitable for degraded or even ancient DNA.
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