TECHNICAL NOTE

Yoichi Hanaoka,! Ph.D. and Kiyoshi Minaguchi,' Ph.D.

Sex Determination from Blood and Teeth by PCR Amplification of

the Alphoid Satellite Family

REFERENCE: Hanaoka Y, Minaguchi K. Sex determination from
blood and teeth by PCR amplification of the alphoid satellite family.
J Forensic Sci 1996;41(5):855-858.

ABSTRACT: Sex determination from blood and teeth by PCR
amplification of the alphoid satellite family according to the method
of Witt and Erickson was investigated. Amplification of the X-
(131 bp) and Y-(172 bp) specific sequences in males and that of
the X-specific sequence in females was satisfactory in almost all
samples. However, of the 22 samples (blood: 5, dental pulp: 12,
tooth hard tissue: 5), a false positive fragment was detected at 172
bp among the female samples (blood: 17, dental pulp: 30, tooth
hard tissue: 23) as a result of silver staining. These bands were not
amplified by the dual PCR method and were different from the Y-
specific band. Subsequent restriction enzyme digestion (Ddel,
Hinfl, and Ncil) of these bands resulted in different patterns from
the typical Y-specific band. Furthermore, in five male samples of
hard tooth tissue specimens (n = 14), a Y-specific band was detected
as a weak band, and in two of these five samples, this weak specific
band was not amplified by dual PCR in spite of the male origin of
the samples. These results showed that this method is useful for
sex determination, but that dual PCR and restriction analysis should
be used together in practical applications.
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Sex determination from teeth can provide an important means
of personal identification in the event of a mass disaster such as
an air plane crash or fire. Formerly, older cytological methods
using the X and Y chromatins (/-3) of dental pulp tissue was
widely used for sex determination from teeth. However, in recent
years, with the progress of gene analysis, sex determination meth-
ods using DNA analysis techniques have been developed and
applied to forensic scientific samples including teeth (4-20).

Witt and Erickson (5) performed a sex-diagnosis test in which
dried blood in quantities as small as 5 to 10 pL on filter paper
were used as the source of a DNA template for PCR of the alphoid
satellite family (ASF). They reported that this method provided a
very simple, rapid, and reliable means for sex determination
because ASF is located in the pericentromeric regions of human
chromosomes and has a higher repeat organization.
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We investigated Witt and Erickson’s methods (5) for sex determi-
nation using blood, dental pulp tissue, and hard tooth tissue as
DNA sources and obtained good results. However, we found sev-
eral matters that demand special attention when applying this
method to the practical judgment of sex determination.

Materials and Methods
Sample Preparation

DNA was isolated from blood cells (n = 54, males: 37, females:
17), from intact dental pulp tissue obtained from extracted teeth
(n = 43, males: 13, females: 30), and from hard tooth tissue (n
= 37, males: 14, females: 23) according to the proteinase K diges-
tion and phenol-chloroform extraction methods, which have pre-
viously been described as extraction methods for teeth (20).
Isolated DNA was diluted with tris-ethylenediaminetetraacetic acid
(TE) buffer and quantitated spectrophotometrically (1 OD,g = 50
pg/mL of DNA) before PCR amplification. Ten nanograms of
DNA were used for amplification of DNA samples from blood
and dental pulp tissue, and 20 ng was used for that from hard
tooth tissue.

PCR Amplification

Two sets of oligonucleotide primers were used: Y11, Y22 flank-
ing the 172-bp fragment of the alphoid repeats of the human Y
chromosome (Y11: 5'-ATGATAGAAACGGAAATATG; Y22: 5'-
AGTAGAATGCAAAGGGCTCC) (21) and X1, X2 flanking the
131-bp fragment of alphoid repeats of the human X chromosome
(X1: 5'-AATCATCAAATGGAGATTTG; X2, 5'-GTTCAGCTC-
TGTGAGTGAAA) (22). PCR was performed in Amplitag DNA
polymerase buffer (Perkin-Elmer, New Jersey), 200p.M each deoxy-
nucleoside triphosphate (ANTP), 1 unit (U) of Amplitaq (Perkin-
Elmer, New Jersey), and 0.2uM each of the primer. The reactions
were conducted in a final volume of 20 pL. The thermal cycle
profiles using the DNA thermal cycler (Model PJ2000, Perkin-
Elmer) were 36 cycles at 94°C for 1 min, 55°C for 1 min, and
72°C for 2 min, followed by preheating at 94°C for 5 min, then
extension of the last cycle to 7 min. In amplification, the annealing
temperature of some samples was modified to 37°C, and in other
samples, 5 pL of amplified sample was reamplified under the
preceding condition (dual PCR).
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Comparison of PCR Products

The PCR reaction products were analyzed by ultraviolet (UV)
visualization of ethidium bromide (EB)-stained and silver-stained
(23) 8% polyacrylamide gel after electrophoresis in Tris-borate-~
EDTA (TBE) buffer (100mM Tris, 100mM boric acid, 2mM ethyl-
enediaminetetraacetic acid [EDTA] at pH 8.3). In electrophoresis,
two gel lanes were needed per sample because X1, X2 and Y11,
Y22 primers were used in separate reactions.

For restriction analysis, the product was purified from contami-
nating primers using Centricon-100 miniconcentrators (Amicon,
Beverly, Massachusetts), then digested with Ddel, Ncil, and HinfI
(New England BioLabs, Beverly, Massachusetts). Each restriction
enzyme digestion was carried out at 37°C for 3 h, then analyzed
by 12% polyacrylamide electrophoresis (PAGE).

Results

Detection of X- and Y-Specific Sequences from Blood and
Dental Pulp Tissue

Figure 1 shows the results of amplification of blood specimens
in accordance with Witt and Erickson’s method (5). Witt and
Erickson reported that the X-specific fragment size was 130 bp
and the Y-specific was 170 bp. However, when calculated, the
estimated fragment sizes of the two sequences predicted from the
report of Wolfe et al. (21) were that the former was 131 bp and
the latter was 172 bp. Therefore, we use these values for the
following interpretation. Satisfactory amplification of X-(131 bp)
and Y-specific sequences (172 bp) in the males and that of the X-
specific sequence in the females was observed on the EB-stained
gel (Fig. 1a) and the silver-stained gel (Fig. 15) in all blood samples
(n = 54). In all of the dental pulp tissue samples (n = 43),
the X- and Y-specific sequences in the males and the X-specific
sequence in the females were also amplified similarly to the blood
samples (Fig. 2a). However, in five cases of the female blood
samples (n = 17) and 12 of the female samples of dental pulp
tissue (n = 30), a weak band was detected by silver staining at
172 bp that was in the same position as the Y-specific sequence
(Lanes 2 and 5 in Fig. 2b and Lane 1 in Fig. 3).

Detection of X- and Y-Specific Sequences from Hard Tooth
Tissue

In all samples of hard tooth tissue (n = 37), the X-specific
sequence was amplified distinctly, and in nine of the male samples
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FIG. 1—Results of the detection of X- and Y-specific sequences from
blood specimens in accordance with Witt and Ericson’s method. DNA from
two different females (Lanes 1, 2, 3, and 4) and two different males (Lanes
5, 6, 7, and 8) were used as a template; Lanes 1, 3, 5, and 7 with Primers
Y11,Y22; Lanes 2, 4, 6, and 8 with Primers XI and X2. (a) EB-stained
gel; (b) silver-stained gel; M: 123 ladder marker. Same samples were
represented in each of the figures.
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FIG. 2—Results of the detection of X- and Y-specific sequences from
dental pulp specimens by silver staining. (a) DNA from two different males
(Lanes 1, 2, 3, and 4) and two different females (Lanes 5, 6, 7, and 8)
were used as a template. The X- and Y-specific sequences in the males
and the X-specific sequence in the females were amplified. (b) DNA from
two different females (Lanes 1, 2, 3, and 4) were used as a template. A
false positive fragment was detected in Lanes 2 and 4.
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FIG. 3—In five cases of the female blood samples, a false positive
fragment was detected by silver staining (Lane 1). DNA from two different

females (Lanes 1, 2, 3, and 4) and two different males (Lanes 5, 6, 7, and
8) were used as a template.

(n = 14), the Y-specific sequence was also equally amplified.
However, in five of the male samples, the Y-specific band was
faint (Lane 4 in Fig 4). In five of the female samples (n = 23),
as with the samples of blood and dental pulp tissue, a 172-bp
unexpected fragment appeared (Lanes 2 and 5 in Fig. 5), and
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FIG. 4—Results of the detection of X- and Y-specific sequences from
hard tooth tissue. DNA from two different males (Lanes 1, 2, 3, and 4)
and two different females (Lanes 5, 6, 7, and 8) were used as a template.
In five of the male samples, the Y-specific sequence was not amplified
satisfactorily (Lane 4).



especially in two of these five cases, the band at 172 bp was
evident (Lane 2 in Fig. 5). Note that it is highly likely that the
female samples in these two cases were misjudged to be male
without following confirmatory experiments.

The above-mentioned results are represented in Tables 1 and 2.

Investigation of the 172-bp False Fragments with Dual PCR

The five samples of blood, twelve samples of dental pulp tissue,
and five samples of hard tooth tissue in which the band at 172 bp
appeared in spite of the sample being female were investigated
with dual PCR amplification. Consequently, in all investigated
samples, the 172-bp fragment was not amplified at all (Lanes 3
and 6 in Fig. 2b, Lanes 3 and 6 in Fig. 5). The five male samples
of hard tooth tissue that had only a weak band for the Y-specific
sequence were also investigated with dual PCR. As a result, the
Y-specific sequence was amplified clearly in three samples (Lane
8 in Fig. 5) but were not amplified in the other two samples
(Lane 10 in Fig. 5). Accordingly, these two samples could not be
determined to be male.

Identification of Restriction Sites of the 172-bp Fragment

Restriction enzyme digestion of the 172-bp Y-chromosomal
fragment was performed. Figure 6 shows the restriction analysis
of the Y-chromosomal fragment with Hinfl, Ddel, and Ncil on
Lanes 2 through 4. HinflI digestion resulted in 133- and 39-bp
fragments (Lane 2), Ddel digestion showed 124- and 48-bp frag-
ments (Lane 3), and Ncil digestion gave 90- and 82-bp fragments
(Lane 4) as described by Witt and Erickson (5).
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FIG. 5—Results of the detection of X- and Y-specific sequences from
hard tooth tissue. Lanes 1, 2, and 3—in this female sample, a false positive
fragment was detected clearly by first PCR (Lane 2), but this false positive
fragment was not amplified by dual PCR (Lane 3). Lanes 4, 5, and 6—in
this female sample, as with the samples of blood and dental pulp tissue,
a weak band at 172 bp appeared (Lane 5), but this band was not amplified
by dual PCR (Lane 6). Lanes 7 and 8—in this male sample, the Y-specific
sequence was not amplified satisfactorily by first PCR (Lane 7), but
amplified satisfactorily by dual PCR (Lane 8). Lanes 9 and 10—in this
male sample, the Y-specific sequence was not amplified satisfactorily by
first PCR (Lane 9) and also was not amplified by dual PCR (Lane 10).

TABLE 1—The number of female samples in which the false positive
fragments appeared.

False Positive Fragments/Total

Materials Total Number of Female Samples

Blood
Dental pulp tissues
Hard tooth tissues

54 (837, °17)
43 (413, 230)
37 (814, 223)

5117 (29.4%)
12/30 (40.0%)
523 21.7%)
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TABLE 2—Results of PCR analysis of DNA obtained from hard
tooth tissue.

Sex Total First PCR No. Dual PCR No.
weak 3
false positive,
? 23 fragments — not amplified
clear 2
amplified 3
2
é 14  Y-specific band weak 5
N
not amplified 2
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FIG. 6—Restriction analysis by restriction enzyme digestion. Lanes 1,
5, and 9—no digestion; Lanes 2, 6, and 10—Hinfl digestion; Lanes 3, 7,
and 11—Ddel digestion; Lanes 4, 8, and 12—Ncil digestion. Restriction
enzyme digestion of false positive fragments of female samples (Lanes 5
and 9) resulted in different patterns from the Y-specific fragment (Lane 1).

All the false positive fragments at 172 bp of the female samples
were also analyzed by restriction enzyme digestion (Lanes 5
through 12 in Fig. 6). Previously, the weak bands at 172 bp in the
female samples were amplified by PCR at a modified annealing
temperature of 37°C to get enough materials for enzyme digestion.
Consequently, Hinfl and Ddel digestion gave the same sized frag-
ments as digestion of the 172-bp Y-chromosomal fragment but
also showed other fragments—three fragments between 133 and
39 bp at Lane 6 and four fragments between 124 and 48 bp at
Lane 7. These fragments did not always appear distinctly, as shown
in Lanes 10 and 11 in Fig. 6 in which a female sample had not all
the counterparts of these. Ncil did not digest the 172-bp fragment of
the female samples in contrast to the predicted male Y-chromo-
somal fragment, and this enzyme is suitable to confirm false posi-
tive fragment of the female samples.

Discussion

There have been a number of reports on sex determination using
demonstration of the Y-chromosome by means of DNA analysis
techniques. Y-chromosome sequences have also been identified
on Southern blots (4,6) following hybridization of restricted and
unrestricted genomic DNA with specific Y probes. Y-chromosome
sequences of DYZ1 (7.8), SRY (9), TDF (10), DYS19 (11), and
amelogenin genes (12-14) have been amplified by PCR amplifica-
tion. In comparison with these methods, it was reported that Witt
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and Erickson’s method (5) that we used in this study, has a higher
sensitivity and reliability (15,16).

The present method has been applied to many kinds of forensic
materials including teeth for sex determination (15-19). However,
in these reports, the PCR products were not assessed by silver-
stained gel but by ultraviolet visualization of EB-stained gel. In
this study, although we confirmed that their method has a higher
sensitivity because the X-specific fragment was amplified in all
samples and the Y-specific fragment was also amplified in almost
all the samples except for two hard tooth tissue samples, we also
demonstrated that in some female samples the false positive frag-
ment was detected in the same position as the Y-specific fragment
(172 bp) by silver staining, which has a higher sensitivity than
EB staining. This band was not amplified by dual PCR but ampli-
fied clearly by PCR annealed at 37°C.

Further investigation by restriction enzyme digestion analysis
with Hinfl, Ddel, and Ncil confirmed that this band was not Y
specific because Ncil digestion of this band resulted in differences
from the Y-chromosomal fragment. In both the Hinfl and Ddel
digestion, the same size fragments that were obtained from the
restriction analysis of the Y-specific band and some other fragments
were observed simultaneously. That is, another three fragments
were observed between 133 and 39 bp in Hinfl digestion and
another four fragments between 124 and 48 bp in Ddel digestion.
The appearance of these fragments probably means that the 172-
bp fragment in the female specimen had different restriction sites
from the Y-specific fragment that were digested by Hinfl and Ddel.
However, these fragments were not observed in some samples, so
we presume that the false positive fragments at 172 bp detected
in the female specimens were PCR products with more than two
kinds of fragments that have a similar sequence with the Y-specific
product that was amplified. We referred to restriction sites for
Hinfl, Ddel, and Ncil within the human alphoid sequences of Y
chromosome reported by Wolfe et al. (21); however, restriction
sites that produced these fragments were not found. In addition,
cross hybridization of the Y-centromeric repeat is stronger to the
centromeres of Autosomes 13, 14, and 15 than it is to the X
(21), while DXZ1 hybridizes more strongly to the centromeres of
Chromosome 22 than it does to the Y (24). Accordingly, these
fragments may have come from autosomes.

Male samples that have only a weak band of the Y-specific
fragment have been already reported (15-19). In this investigation,
we found that in the five male samples of hard tooth tissue, the
Y-specific sequence was not amplified efficiently. In addition, we
found that in two of these samples, the 172-bp fragment was not
amplified at all by dual PCR. Consequently, this method requires
very careful examination when applying it to hard tooth tissue as
source of degraded DNA (20).

This method is very useful for sex identification but the high
risk of misinterpretation demonstrated in this study should also be
remembered. Accordingly, when this method is applied to real
situations, the dual PCR method and restriction analysis by restric-
tion enzyme digestion should be used together.
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