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ABSTRACT: Sex-typing of biological samples can be accomplished using the polymerase
chain reaction (PCR) to amplify DNA sequences that are specific for the Y-chromosome. One
such system is based on PCR amplification of the X~chromosome amelogenin gene and the
amelogenin-like sequences located near the centromere of the Y-chromosome. The X and Y
PCR products can be distinguished from each other on the basis of a 177 basepair (bp) insertion
in the X relative to the Y. In this report, we demonstrate that the amelogenin PCR products
migrate anomalously using non-denaturing polyacrylamide gel electrophoresis (ND-PAGE) as
opposed to agarose gel electrophoresis or denaturing PAGE. These results may be relevant to
the choice of electrophoretic system used to analyze highly polymorphic loci for individual iden-
tification.
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The polymerase chain reaction (PCR) [I] provides rapid and sensitive approaches for
the analysis of highly polymorphic loci in human DNA [2,3]. PCR protocols have also
been developed for gender determination or sex-typing [4~7]. This involves amplification
of sequences which are specific for the Y-chromosome, often in combination with autosomal
or X-chromosome sequences as a control for the amplification reaction. One such system
is based on amplification of the X-chromosome amelogenin gene (AMG) and the amelogen-
inlike sequences (AMGL) located near the centromere of the Y-chromosome {6,7]. The
principal difference between the X and Y loci is a 177 basepair (bp) insertion in the X
relative to the Y [8]. Using a single set of primers, the X and Y sequences can be amplified
and distinguished from each other on the basis of size (X = 977 bp; Y = 788 bp) [6,7].
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The presence of the X and Y fragments indicates that the DNA originated from a male,
whereas amplification of X fragment alone is indicative of female DNA.

In this report, we describe the effects of using different electrophoretic detection systems
to distinguish between the X and Y amelogenin PCR products. Electrophoresis of the PCR
products on agarose gels or denaturing polyacrylamide gels gave fragment lengths that
were consistent with their published sequences (Y = 788 bp; X =977 bp). In contrast, the PCR
products exhibited retarded migration when analyzed by non-denaturing polyacrylamide gel
electrophoresis (ND-PAGE). The 977 bp X fragment migrated approximately 18% slower
(1150 bp), and the 788 bp Y fragment migrated more than 70% slower (1350 bp). These
electrophoretic anomalies may be due to sequences which alter the curvature of the double
helix, a phenomenon which has been reported for many types of DNA sequences [9,10].
Electrophoretic anomalies of this type may be undesirable for applications which require
accurate sizing of DNA fragments. This consideration may be relevant to the choice of
electrophoretic system used to analyze highly polymorphic loci for individual identification.

Materials and Methods
PCR Amplification of the Amelogenin Locus

The primers used to amplify the X and Y amelogenin sequences were previously described
by Nakahori and colleagues [6]. The primer sequences are as follows:

primer AMXY-1F (5'-CTGATGGTTGGCCTCAAGCCTGTG-3")
primer AMXY-2R (5'-TAAAGAGATTCATTAACTTGACTG-3')

PCR was conducted using the Perkin-Elmer GeneAmp® PCR Systern 9600 Thermal
Cycler. Genomic DNA samples were amplified in a 100 pL reaction volume containing
0.2 mM of each dNTP, 50 mM KCl, 10 mM Tris.HC! pH 8.3, 4.0 mM MgCl,, 120 pmoles
of each primer, and 2.5 U Tag polymerase. PCR was run for 30 cycles of 94°C for 1 min
(denature), 65°C for 2 min (anneal), and 72°C for 3 min (extend). Following amplification,
the PCR products were analyzed by electrophoresis on 1.2% agarose gels run with 1 X
TBE (89 mM Tris borate, 89 mM boric acid, 2 mM EDTA) or 6% nondenaturing polyacryl-
amide gels run with 1 X TBE. The gels were stained with ethidium bromide and the
fragments were visualized by fluorescence under ultraviolet light.

Results and Discussion

The amelogenin PCR products from two females and two males were split and analyzed
by agarose gel electrophoresis or ND-PAGE (Fig. 1). Using agarose gel electrophoresis,
the Y fragment migrates faster than the X fragment, and their sizes are in close agreement
with the predicted sizes derived from the published sequences of the X and Y amelogenin
loci [8]. Similarly, the expected fragment sizes were obtained when the PCR products were
analyzed by denaturing PAGE (6% polyacrylamide/8 M urea gels) (data not shown). In
contrast, ND-PAGE resulted in the Y fragment actually migrating slower than the X fragment
(Fig. 1). Relative to the marker fragments, the Y fragment appeared to be approximately
1350 bp with ND-PAGE. This is more than 550 bp (70%) larger than its predicted size.
Migration of the X fragment was also retarded with ND-PAGE. Relative to the marker
fragments, the X fragment appeared to be approximately 1150 bp. This is more than 170
bp (18%) larger than its predicted size. Although both the X and Y fragments exhibited
retarded migration with ND-PAGE, the effect was much greater for the Y fragment. It is
possible that the 177 bp insertion of the X fragment somehow interrupts or displaces the
sequences that are responsible for the dramatically altered mobility of the Y fragment.
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FIG. 1—Sex-typing based on PCR amplification of the X and Y amelogenin sequences.
PCR amplified DNA from two females (2 ) and two males (3 ) were analyzed by agarose gel
electrophoresis (left panel) or ND-PAGE (right panel). The sizes of the molecular weight markers
are given in basepairs (bp). The predicted sizes of the X and Y fragments are 977 bp and 788
bp, respectively.

Anomalous migration of DNA fragments with ND-PAGE is not limited to the amelogenin
sex-typing system. In fact, one of the marker fragments also exhibited retarded migration
with ND-PAGE. The 600 bp “rung” of the sizing ladder should appear several times more
intense relative to the other fragments, as was the case for the marker fragments separated
on agarose gels (Fig. 1). With ND-PAGE, the intensely staining “rung” of the sizing ladder
migrated closer to 700 bp. This artifact of ND-PAGE is noted in the product information
which accompanies the 100 bp sizing ladder (GIBCO BRL, Burlington ON).

It is well established that certain sequence arrangements can alter the curvature of double-
stranded DNA molecules and retard their migration through sieving matrices such as
polyacrylamide gel [9,10]. The amelogenin results presented here provide an extreme
example of the inherent problems associated with using ND-PAGE to estimate the sizes
of PCR fragments. It should be noted that anomalous migration of the amelogenin fragments
with ND-PAGE does not preclude correct sex-typing. However, this type of artifact may
be important with respect to the choice of electrophoretic system used to analyze highly
polymorphic loci such as short tandem repeats (STRs) [/]]. In light of the potential artifacts
associated with ND-PAGE, it may be prudent to use agarose gel electrophoresis or denaturing
PAGE for applications that require accurate sizing of PCR fragments.

References

[1] Saiki, R. K., Gelfand, D. H., Stoffel, S., Scharf, S. J., Higuchi, R., Horn, G. T., Muliis, K. B.,
and Erlich, H. A, “Primer-Directed Enzymatic Amplification of DNA with a Thermostable DNA
Polymerase,” Science, Vol. 239, 1988, pp. 487-491.

[2] Tully, G., Sullivan, K. M., and Gill, P, “Analysis of 6 VNTR Loci by Multiplex PCR and
Automated Fluorescent Detection,” Human Genetics, Vol. 92, 1993, pp. 554-562.

[3]1 Kimpton, C. P, Gill, P., Walton, A., Urquart, A., Millican, E. S., and Adams, M., “Automated
DNA Profiling Employing Multiplex Amplification of Short Tandem Repeat Loci,” PCR Methods
and Applications, Vol. 3, 1993, pp. 13-22.

[4] Witt, M. and Erickson, R. P, “A Rapid Method for Detection of Y-Chromosomal DNA from
Dried Blood Specimens by the Polymerase Chain Reaction,” Human Genetics, Vol. 82, 1989,
pp- 271-274.

[5]1 Gaensslen, R. E., Berka, K. M., Grosso, D. A., Ruano, G., Pagliaro, E. M., Messina, D., and
Lee, H. C., “A Polymerase Chain Reaction (PCR) Method for Sex and Species Determination
with Novel Controls for Deoxyribonucleic Acid (DNA) Template Length,” Journal of Forensic
Sciences, Vol. 37, 1992, pp. 6-20.

[6] Nakahori, Y., Hamano, K., Iwaya, M., and Nakagome, Y., “Sex Identification by Polymerase
Chain Reaction Using X-Y Homologous Primer,” American Journal of Medical Genetics, Vol.
39, 1991, pp. 472-473.



ENG ET AL. - AMELOGENIN SEX TYPING 1359

[7]1 Akane, A., Shiono, H., Matsubara, K., Narahori, Y., Seki, S., Nagafuchi, S., Yamada, M., and
Nakagome, Y., “Sex Identification of Forensic Specimens by Polymerase Chain Reaction (PCR):
Two Alternative Methods,” Forensic Science International, Vol. 49, 1991, pp. 81-88.
[8] Nakahori, Y., Takenaka, O., and Nakagome, Y., “A Human X-Y Homologous Region Encodes
Amelogenin,” Genomics, Vol. 9, 1991, pp. 264-269.
[9] Hagerman, P. J., “Sequence-Directed Curvature of DNA,” Annual Reviews of Biochemistry, Vol.
59, 1990, pp. 755-781.
[10] Harrington, R. E., “Studies of DNA Bending and Flexibility using Gel Electrophoresis,” Electro-
phoresis, Vol. 14, 1993, pp. 732-746.
[11] Edwards, A., Civitallo, A., Hammond, H., and Caskey, T. C., “DNA Typing and Genetic Mapping
with Trimeric and Tetrameric Tandem Repeats,” American Journal of Human Genetics, Vol. 49,
1991, 746-756.

Address requests for reprints or additional information to
John S. Waye, Ph.D.

Dept. of Pathology, Room 2N33

McMaster University Medical Centre

1200 Main Street West

Hamilton, Ontario, Canada L8N 3Z5



