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Abstract: Recently, it has been possible to the alphoid gene, which has X and Y specificity, and
determine the sex from human physical evidence using PCR methods. Samples from single sources, PCR
method applied to the alphoid gene results in highly sensitive and accurate results even when only 60 pg of
the genomic DNA was available for sex determination. Even for samples containing DNA from more than
one gender source where the female DNA was present in the amount 10 times than that of the male, sex
determination was possible. Therefore, this result suggests that alphoid gene, which has X and Y specificity,

could be used effectively for sex determination in case of mixed DNA samples from biclogical evidence.
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1. INTRODUCTION

Gender analysis by polymerase chain reaction
(PCR) can be a valuable tool not only after selective
lysis of mixed stains but also in the analysis of pure
stains. Since in many forensic cases persons of
both sexes are involved, a rapid and simple sex
determination assay may give valuable information
on the origin of the stain by identifying the sex of
an unknown person involved in the crime.

Several methods for sex determination with PCR
have been described which combine PCR with
subsequent restriction digest followed by agarose
gel electrophoresis® or with dot blot hybridization

with Y-specific probes.>® The amplified regions of
the X and Y chromosomes are the alphoid repeat
regions,' the zinc finger protein ZFX/ZFY,' DYZ1/
DXS424,7 or the amelogenin gene.s‘9 However the
most rapid methods require only electrophoresis of
the amplified products in an agarose gel.>""

Mixtures of blood and sweat or saliva on clothing
and mixtures of vaginal fluid and semen may
originate from 2 different persons. A problem in the
analysis of mixed stains is DNA competition which
presumably occurs in VNTR (variable number of
tandem repeats) and STR (short tandem repeats)
system during PCR.

We report on the sex determination of mixed
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DNAs by amplification of X and Y-specific DNA
alphoid - repeat regions using pair of two different
primer as described by Witt and Erickson."

2. MATERIAL AND METIIODS

K562 DNA (Promega) and Human genomic DNA
(Promega) were used as the quantified DNAs of
female DNA and male DNA, respectively. Selective
lysis from mixed stain in a case of sexual assault
was done in the TEN buffer (40 mM Tris-Cl; pH
75, 1 mM EDTA; pH 8.0, 150 mM NaCl)
containing proteinase K and DTT (dithiothreitol).

The amplification of X and Y-specific DNA
fragments was performed in 2 parallel assays with
primers déscribed by Witt and Erickson'® in 15 pl
reactions by thermal. cycler (Perkin-Elmer Cetus
9600, Table 1). After 30 cycles (30 sec at 94°C, 30
sec at S5°C, 40 sec at 72°C) the amplified X-
specific (131 base pair; bp) and Y-specific (170 bp)
products were separated in a 3% agarose gel and
visualized by EtBr (ethidium bromide) staining.

3. RESULTS AND DISCUSSION

PCR products from female genomic DNA and

HG DNA
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Fig. 1. Gender analysis of the diluted DNAs. HG DNA:
Human genomic DNA (Promega), M: 100 bp DNA ladder
(Gibco-BRL), 1; 10 ng, 2; 5 ng, 3; 2 ng, 4; 1 ng, 5; 0.5
ng, 6; 0.25 ng, 7; 0.125 ng, 8; 0.0625 ng.

male genomic DNA are shown in Fig. 1.

The Y-specific (170 bp) band is absent from the
female PCR products, the X-specific PCR products
yield the X-specific (131 bp) band.'® The X,Y-
specific alphoid repeat sequences are very sensitive.
About 60 pg of genomic DNA per 15 ul assay is
sufficient to give clearly visible PCR products after
30 cycles of amplification (Table 2). Our studies
revealed DNA competition during PCR when mixed
DNAs were investigated for gendering by X,Y-
specific alphoid repeat sequences. Competition can
be a drawback in PCR analysis of mixed stains,
since the cells from one of the individuals can be in

Table 1. Primer sequences and PCR conditions for X and Y-specific alphoid repeat sequences

PCR conditions

: I__’ 1
Locus  Primer sequences (5'~3) denaturation annealing extention
Chromosome X-specific alphoid repeat sequences
X1 dAATCATCAAATGGAGATTTG 94°C s5°C 72°C
X2 dGTTCAGCTCTGTGAGTGAAA 30 sce 30 sce 40 sec
Chromosome Y-specific alphoid repeat sequences
Y1 dJATGATAGAAACGGAAATATG 94°C 55°C 72°C
Y2 dJAGTAGAATGCAAAGGGCTC 30 sec 30 sec 40 sec
Table 2. Gender analysis of the mixed DNAs
. K562 DNA\HG DNA 10 5 2 1 0.5 0.25 0.125  0.063 (ng)
10 ++ ++ ++ ++ + + + -
5 ++ ++ ++ +4 + + + -
2 ++ ++ ++ ++ + + + -
1 ++ ++ ++ ++ + + * -
0.5 ++ ++ ++ ++ ++ ++ + +
0.25 ++ ++ ++ ++ ++ ++ + +
0.125 ++ ++ ++ ++ ++ ++ ++ +
0.0625 (ng) ++ ++ ++ ++ ++ ++ ++ +

Relative intensitics of the bands arc indicated by the number of (+) signs, (2); faint bands, (-); no bands visible in the gel.
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Fig. 2-1. Gender analysis of the mixed DNAs. A; HG
DNA 0.5 ng, B; HG DNA 0.25 ng, C; HG DNA 0.125
ng, D; HG DNA 0.063 ng. M: 100 bp DNA ladder
(Gibco-BRL), lane 1; 10 ng, lane 2; 5 ng, lane 3; 2 ng,
lane 4; 1 ng, lane 5; 0.5 ng, lane 6; 0.25 ng, lane 7; 0.125
ng, lane 8; 0.063 ng of K562 DNA.

high excess in the case of samples containing sperm
and other cclls. As such, depending on the quality
of the specimen® selective lysis is not always 100%
effective. We sought for a XY-PCR process keeping
in mind its sensitivity and the competition which
occurs when using DNA mixtures. In the presence
of a 21-fold excess of DNA, corresponding to a
10-fold higher concentration of female DNA,
Y-specific product of the male DNA was easily
detected (Fig. 2-1 and 2-2).

Higher primer concentrations may be helpful to
reduce the effect of competition, but this increases
the risk of artefacts due to mispriming. Also silver

°]°m * Ql'\_')l':

Fig. 2-2. Gender analysis of the mixed DNAs. A; K562 '
DNA 10 ng, B; K562 DNA 5 ng, C; K562 DNA 2 ng, D;
K562 DNA 10 ng, E; K562 DNA 1 ng, F; K562 DNA 0.5
ng, G; K562 DNA 0.125 ng, H; K562 DNA 0.063 ng. M:
100 bp DNA ladder (Gibco-BRL), lane 1; 10 ng, lane 2; 5
ng, lane 3; 2 ng, lane 4; 1 ng, lane 5; 0.5 ng, lane 6; 0.25
ng, lane 7; 0.125 ng, lane 8; 0.063 ng of HG DNA.

staining of the gels instead of staining with EtBr or
southern blotting, and subsequent hybridization with
labeled probes will be helpful for a better detection
of the poorly amplified alleles.

Amplification of both X and Y-specific PCR is a

Analytical Science & Technology



PCRell 9%} X, Y-Specific Alphoid

rapid and easy method which could lead to
successful investigation by enrichment of the sperm
celis through preferential lysis in case of mixed
samples containing both sperm and vaginal
secretions. Because of its sensitivity, its apparent
lack of competition effects and easy detection, we
consider the method reported here

valuable for sex determination in forensic stains.

rapid and
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