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ABSTRACT: A protocol for HLA-DQA 1 and gender identification
by single amplification is described. The use of the commercial
HLA-DQAI amplification kit (Perkin Elmer) permits a positive
response for sex determination by adding primers for a short
sequence on the first intron of Amelogenin gene. The suggested
amplification protocol results in PCR products easily and clearly
detectable on ethidium bromide stained agarose gel or silver stained
polyacrylamide gel. In both gels the HLA-DQAI1 observations at
242-239 bp are accomplished with a single band at 106 bp in
females and a doublet 112-106 bp in males. HLA-DQALI reverse
dot-blot hybridization is unaffected by the presence of X and Y
amplified fragments.
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Sex determination of biological stains has always been one of
the most important aims for forensic identity tests. In the past,
protocols have been developed for this purpose [/,2] but their
current application in old and maltreated biological stains was
often not useful because of poor sensitivity of methods.

More recently, techniques have been proposed for sexing by
DNA investigation, including restriction digestion patterns and
amplification by polymerase chain reaction (PCR). PCR methodol-
ogies offer important and well known advantages, speed and sensi-
tivity, compared with the digestion patterns [3-7].

Nevertheless, some of the proposed methods identify X and Y
fragments by separate reactions with four different primers:
although coamplification in the same tube is possible, these meth-
ods could result in low yield of Y products and in doubtful interpre-
tations.

Sullivan et al. {8] and Mannucci et al. [9] described the amplifica-
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tion of a short sequence on the first intron of homologous amelo-
genin gene, which identifies different products for X and Y
chromosome by only one pair of primers in the same reaction.
The protocol is robust, sensitive and provides an internal positive
control. Amplified products are described as clearly and easily
detectable on a 3:1 NuSieve-SeaPlaque ethidium bromide
stained gel.

Male samples show two bands (X and Y products, 106 bp and
112 bp fragments, respectively) while female samples present only
one band (106 bp fragment). Detectable results have been obtained
also with severely degraded DNA [9].

HLA-DQALI detection by a commercial kit (AmpliType HLA-
DQalpha Forensic DNA Amplification and Typing Kit—Perkin
Elmer) is a validated and widely used test in forensic practice
both in individual identification and paternity testing [/0-13].
The amplification protocol is robust and easy to handle, limited
primarily by its own high sensitivity to contaminants and hybridiza-
tion temperature of PCR products.

In our laboratory, the HLA-DQA1 typing protocol was tested
for coamplification of X and Y specific products in a single reaction
to verify if specific hybridization for HLA-DQALI is affected or
not by the presence of different PCR products.

Materials and Methods

For the coamplification test, male and female samples were
chosen among HLA-DQA1 tested DNA [11]. For current casework
application, bloodstains were amplified after DNA chelex extrac-
tion [14].

The amplification and typing of samples were performed
adjusting the suggested protocol of commercial kit (Perkin Elmer)
on a volume of 50 pL, adding 5 pmoles of each amelogenin primer
as stated by Sullivan et al. [8] in the same tube and 10 ng of
extracted DNA in the reaction. DNA from bloodstains was ampli-
fied using 10 pL of Chelex extractions; at the same time, separate
amplifications for HLA-DQA1 and amelogenin were carried out.

After a denaturation at 95°C for 30 s, samples were amplified
through a total of 32 cycles at 94°C for 20 s, at 60°C for 20 s, at
72°C for 20 s, with a final extension at 72°C for 10 min on a
Perkin Elmer GeneAmp PCR System 9600 apparatus.

Amplification products were identified by running 15 pL of the
reaction on an ethidium bromide stained NuSieve-SeaPlaque 3:1
gel at constant voltage (90 V) for 90 minutes. To increase the
sensitivity of the test, 1 to 4 pL were loaded on a polyacrylamide
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gel at constant current (30 mA). A 5% native polyacrylamide gel
and 8% denaturing gel produced the same results. Silver staining
was performed as described elsewhere [15].

For HLA-DQAT1 typing 35 pL of amplified products were
hybridized in order to confirm determination and exclude any
interference by coamplified products.

Results

Figures from | to 3 show the results of HLA-DQAI1 and Amelo-
genin coamplification: in addition to the 239-242 bp HLA-DQA1
band two fragments are present at 112 and 106 bp for male samples
and one fragment at 106 bp for female; clear results were also
obtained from analyzed bloodstains.
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FIG. 1—NuSieve-SeaPlaque 3:1 separation of separated and coampli-
fied PCR products of HLA-DQAI and Amelogenin characters. Lanes: M,
pBR322/Hae Il digested molecular weight marker: C, HLA-DQA control;
1 and 4, separate HLA-DQAI amplification; 2 and 5, HLA-DQAI and
Amelogenin coamplification (lane 2 female, lane 5 male); 3 and 6, separate
Amelogenin amplification (lane 3 female, lane 6 male); 7, negative control.
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FIG. 2—Agarose gel electrophoresis of HLA-DQAI and Amelogenin
coamplified normal samples: M, pBR322/Hae Il digested molecular
weight marker; lanes 1 and 2, males; lanes 3 and 4, females; lane 5,
HILA-DQAI control size.
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FIG. 3—Silver stained 5% native PAGE of different bloodstain coampli-
fications: M, 123 bp ladder molecular weight marker; lanes 1 and 10, HLA-
DQAI control; lanes 2 to 9, HLA-DQA1 and Amelogenin coamplification
(lanes 2, 3, 4 and 8 male samples; 5, 6 and 7 females); lane 9 separate
female control; lane 11, negative control. 4 pL of each sample were loaded
on the gel.

PCR products were clearly detected both on ethidium bromide
stained agarose gel and by polyacrylamide gel electrophoresis
(PAGE) and silver staining. PAGE was conducted using both native
and denaturing conditions with consistent results in each case.

As previously mentioned, the presence of additional primer
products does not affect HLA-DQAI hybridization, and in our
tests specificities were confirmed for all samples. Results for sex
identification from the bloodstains were confirmed from circum-
stances.

Discussion

Gender identification of biological stains is of importance in
detecting individual identity. The use of a single primer pair to
identify X and Y characteristics in the same reaction can prevent
lack of Y products and mistyping.

As previously referenced [8,9], amplimers for a region on the
first intron of amelogenin gene can identify different single copy
sequences for X and Y chromosomes. Balance between them in
the male provides the same chance of amplification, preventing
band drop out.

Moreover, primers for the 112 bp (Y chromosome) and 106 bp
(X chromosome) characters show high sensitivity and amplify also
in severely degraded DNA. As previously shown [9] coamplifica-
tion with polymorphic characters is possible in order to improve
identification by a single reaction.

The validated and widely used protocol for HLA-DQAI1 typing
by a commercial kit (HLA-DQalpha Forensic DNA Typing kit—
Perkin Elmer) gives good opportunity for co-amplification because
of its sensitivity and robustness. Clear results were obtained both
from fresh blood and bloodstains with direct detection on a gel.
Faster determination was obtained by an ethidium bromide stained
agarose gel but more sensitive detection by PAGE and silver stain-
ing was possible. The use of a silver stained polyacrylamide gel,
both native or denaturing, enhances gender determination because
only 1 to 4 pl of PCR products were required to observe both X
and Y products.
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In conclusion, the described test shows great sensitivity and
speed and provides great utility for individual identification. We
consider this method a handy tool that can consistently help in
defining individuality in forensic practice, even when poor quantity
and maltreated DNA is available.

References

[1] Davidson, W. M. and Smith, D. R., “A Morphological Sex Difference
in the Polymorphonuclear Neutrophil Leucocytes,” British Medical
Journal, Vol. 2, 1954, pp. 6-7.

[2] Whitehead, P. H. and Divall, G. B., “The Identification of Menstrual
Blood. The Immunoelectrophoretic Characterization of Soluble
Fibrinogen from Bloodstains Extracts,” Forensic Sciences, Vol. 4,
1974, pp. 53-62.

[31 Kogan, S. G., Doherty, M., and Gitschier, J., “An Improved Method
for Prenatal Diagnosis by Analysis of Amplified DNA Sequences.
Application to Haemophilia A,” New England Journal of Legal Medi-
cine, Vol. 317, 1987, pp. 985-990.

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

[5] Pascal, O., Aubert, D., Gilbert, E., and Moisan, J. P, “Sexing of
Forensic Samples Using PCR,” International Journal of Legal Medi-
cine, Vol. 104, 1993, pp. 205-207.

[6] Pfitzinger, H., Ludes, B., and Mangin, P., “Sex Determination of
Forensic Samples: Co-Amplification and Simultaneous Detection of
a Y-Specific and an X-Specific DNA Sequence,” International Jour-
nal of Legal Medicine, Vol. 105, 1993, pp. 213-216.

[7] Fattorini, P., Caccio, S., Gustinich, S., Florian, F., Altamura, B., and
Graziosi, G., “Sex Identification by Polymerase Chain Reaction of
Alpha-Satellite in Aged Tissue Samples,” Electrophoresis, Vol. 14,
1993, pp. 23-26.

[8] Sullivan, K. M., Mannucci, A., Kimpton, C. P, and Gill, P., “A Rapid

and Quantitative DNA Sex Test: Fluorescence Based PCR Analysis

of X-Y Homologous Gene Amelogenin,” Biotechnigues, Vol. 15,

1993, pp. 636-642.

Mannucci, A., Sullivan, K. M., Ivanov, P. L., and Gill, P, “Forensic

Application of a Rapid and Quantitative DNA Sex Test by Amplifica-

tion of the X-Y Homologous Gene Amelogenin,” International Jour-

nal of Legal Medicine, Vol. 106, 1994, pp. 190-193.

[10] Jung, J. M., Comey, C. T., Baer, D. B., and Budowle, B., “Extraction
Strategy for Obtaining DNA from Bloodstains for PCR Amplification
and Typing of the HLA-DQalpha Gene,” International Journal of
Legal Medicine, Vol. 104, 1991, pp. 145-148.

[11] De Stefano, F., Casarino, L., Mannucci, A., Delfino, L., Canale, M.
and Ferrara, G. B., “HLA-DQA1 Allele and Genotype Frequencies
in a Northern Italian Population,” Forensic Science International,
Vol. 55, 1992, pp. 59-66.

[12] Comey, C. T. and Budowle, B., “Validation Studies on the Analysis
of the HLA-DQo Locus Using the Polymerase Chain Reaction,”
Journal of Forensic Sciences, Vol. 36, 1991, pp. 1633-1648.

[13] Blake, E., Mihalovic, J., Higuchi, R., Walsh, P. S., and Herlich,
H. “Polymerase Chain Reaction (PCR) Amplification and Human
Leukocyte Antigen (HLA)-DQa Oligonucleotide Typing on Biologi-
cal Evidence Samples: Casework Experience,” Journal of Forensic
Sciences, Vol. 37, 1992, pp. 700-726.

[14] Walsh, P. S, Metzger, D. A., and Higuchi, R., “Chelex 100 As a
Medium for Simple Extraction of DNA for PCR-Based Typing from
Forensic Material,” BioTechniques, Vol. 10, 1991, pp. 506-513.

[15] Bassam, B. J., Caetano-Anollés, G., and Gresshof, P. M., “Fast and
Sensitive Silver Staining of DNA in Polyacrylamide Gels,” Analitical
Biochemistry, Vol. 196, 1991, pp. 80-83.

[9

—_

Address requests for reprints or additional information to
Francesco De Stefano, M.D.

Istituto di Medicina Legale

Via De Toni, 12

16132 Genova, Italy



