
Abstract In forensic science and in legal medicine Y
chromosomal typing is indispensable for sex determina-
tion, for paternity testing in the absence of the father and
for distinguishing males in multiple rape cases. Another
potential application is the estimation of paternal geo-
graphic origin or family name from a crime stain to nar-
row down the range of suspects and thus reduce costs of
mass screenings. However, Y typing alone cannot provide
a sufficiently resolved DNA fingerprint as required for
court convictions. Thus, there is a dilemma whether or not
to sacrifice valuable material for the sake of extensive Y
chromosomal investigations when stain DNA is limited
(typically allowing only few PCR amplifications). We
here describe a Y-chromosome-specific nucleotide inser-
tion in the duplicate short tandem repeat (STR) locus
DXYS156 which allows us to distinguish males from fe-
males as does the commonly used amelogenin system, but
with the advantage that this locus is multi-allelic, thus
substantially contributing towards DNA fingerprinting of
a sample and furthermore enabling the detection of sam-
ple contamination. Yet another bonus is that both the X
and the Y copies of DXYS156 have alleles specific to dif-
ferent parts of the world, offering separate estimates of
maternal and paternal descent of that sample. We there-
fore recommend the inclusion of DXYS156 in standard

multiplexing kits for forensic, archaeological and genealog-
ical applications.
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Introduction

New Y short tandem repeat (STR) loci are continuously
being discovered with the progress of the Human Genome
Project (e.g. White et al. 1999) and are gaining impor-
tance not only in studies of human evolution (Forster et al.
1998, 2000) but also in genealogical research, in forensic
casework and in paternity testing (Jobling et al. 1997;
Kayser et al. 1997; Honda et al. 1999). Due to their non-
recombining nature, Y STRs are inherited uniparentally in
male lineages and persist as Y haplotypes over genera-
tions of male descendency unless a mutation occurs. This
feature of paternal inheritance makes Y STRs a powerful
tool for family name studies (Sykes and Irven 2000). In
medico-legal applications, Y typing is indispensable for
sex testing (conventionally using the amelogenin system
Mannucci et al. 1994; but see Santos et al. 1998; Brink-
mann 2002; Steinlechner et al. 2002; Thangaraj et al.
2002), for paternity deficiency tests (i.e. when the puta-
tive father is dead or unavailable, the patrilineal relatives
can be taken as substitutes, e.g. Foster et al. 1998; Thomas
et al. 1998) and for multiple rape investigations (determi-
nation of the number and identity of male offenders in
mixed semen stains). Another new and potentially very
useful application is the determination of the paternal de-
scent of a stain: in many police investigations, especially
where expensive mass screenings are required, knowledge
of the geographic origin and by extrapolation the pheno-
type, of an unknown stain donor could narrow down the
list of suspects and substantially reduce time and cost of
the screening.

The problem is that Y haplotypes alone do not have a
discrimination capacity high enough for court convic-
tions, if only for the reason that many suspects will have
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male relatives who will have the same Y chromosome. It
is therefore still indispensable to type autosomal loci
which, due to their inherent feature of recombination in
every generation, yield potentially unique genetic profiles
(except in cases of identical twins). Thus, there is a
dilemma whether or not to sacrifice valuable material for
the sake of extensive Y chromosomal investigations when
stain DNA is very limited (typically allowing only few
PCR amplifications). Here, we resolve this conflict by
presenting a multi-purpose XY-STR (DXYS156); its X
and Y homologues can be distinguished from each other
by virtue of an internal point insertion which we have dis-
covered to be Y-specific.

Subjects and methods

Sicilian blood samples were obtained from healthy blood donors,
selected for ancestry of all four grandparents from the Sicilian
towns of Troina (59 women and 48 men) and Sciacca (33 women
and 50 men). Korean samples (7 women and 34 men) were ob-
tained from students in Kwangju, South Korea. DNA was extracted
from peripheral blood leukocytes by standard procedures.

Extracted DNA was amplified by the polymerase chain reac-
tion (PCR) using the published primers and thermocycling condi-
tions (Chen et al. 1994). The PCR was performed in 50 µl con-
taining 50 ng of genomic DNA, 1 U Taq DNA polymerase (Perkin
Elmer, USA), 5 µl 10 × reaction buffer (20 mM Tris-HCl pH 8,
100 mM KCl, 0.1 mM EDTA, 1 mM DTT, 50% glycerol, 0.5%
Tween 20, 0.5% Nonidet P40), 1.5 mM MgCl2, 0.2 mM of each
dNTP and 0.2 mM of each primer. Primer 1 was modified 5′ by ad-
dition of a dye label (TAMRA: N,N,N′,N′-tetramethyl-6-carboxy-
rhodamine). After PCR amplification, 1 µl of the products was di-
luted in 12 µl of deionised formamide and 1 µl of GeneScan 350
Rox (molecular weight DNA marker). The DNA was denatured at
95°C for 3 min, cooled on melting ice and loaded on an ABI
PRISM 310 genetic analyser (Perkin Elmer, USA) for amplicon
length determination.

For those alleles that were chosen for sequencing, the alleles
were first cloned using the TOPO-TA cloning kit (Invitrogen, Gro-
ningen, The Netherlands). The same primers were used to sequence
both strands of DNA, using ABI PRISM BigDye terminator cycle se-
quencing ready reaction kit (PE, Applied Biosystems, Milano, Italy).

In order to exclude the possibility of sample confusion or con-
tamination, the recorded sex was confirmed for each sequenced
sample by the amelogenin test (Sullivan et al. 1993; Mannucci et 
al. 1994) using the AmpF1 STR Green kit (PE Applied Biosystems,
Milano, Italy).

Results

Adenine insertion in the Y homologue of DXYS156

Our initial sequencing in Sicilian and Korean males and
females of the whole range (4–14 repeats) of DXYS156
alleles consistently revealed an inserted adenine in the
fourth repeat motif from the 5′ end (Fig.1) in males. To
avoid the inconvenience of DNA sequencing for routine
applications, we then generated an allelic ladder which
contains the most common alleles on the X and Y chro-
mosomes (Fig.2). Length analysis using this ladder con-
firmed the presence of the insertion in all males (98 out of
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Fig.1 Adenine insertion in the
Y locus of DXYS156. The
normal repeat motif is TAAAA
which is extended to
TAAAAA by the insertion in
the fourth repeat

Table 1 DXYS156X allele
frequencies in Sicily and Korea Location n Allele

4 5 6 7 8 9 10 11

Sicily (Sciacca) 116 0.01 0 0 0.87 0.03 0.05 0.04 0
Sicily (Troina) 166 0 0 0 0.78 0.08 0.13 0.01 0.01
Korea (Kwangju) 48 0 0 0 0.96 0.04 0 0 0

Table 2 DXYS156Y allele frequencies in Sicily and Korea

Location n Allelea

10.1 11.1 12.1 13.1 14.1

Sicily (Sciacca) 50 0.02 0.14 0.84 0 0
Sicily (Troina) 48 0.02 0.21 0.77 0 0
Korea (Kwangju) 34 0 0.12 0.50 0.32 0.06

a Elsewhere in the tables and text, we omit the insertion label “.1”
to simplify comparisons with the published undifferentiated alleles



98 Sicilians and 34 out of 34 Koreans) but never in
females (0 out of 92 Sicilians and 0 out of 7 Koreans). 
Sex testing by amelogenin (Sullivan et al. 1993) confirmed
the sex recorded on the sample labels. We conclude that
the point insertion is specific to the Y chromosome (see
Tables 1 and 2). Worldwide surveys have shown that
DXYS156 generally has allele lengths ranging from 4 
to 12 repeats on the X chromosome (Table 3) and 8 to 15
repeats on the Y chromosome (Table 4). Although the X

locus generally has allele lengths of 10 repeats or shorter
and the Y locus generally has 11 repeats or longer, there is
an overlap of X and Y allele ranges amounting to several
percent in many populations (Tables 3 and 4). This over-
lap has previously hindered the secure chromosomal as-
signment of alleles despite efforts at statistical separation
(Karafet et al. 1998). By typing the adenine insertion,
which we have shown to be Y-specific, the Y alleles can
be unambiguously distinguished from the X alleles.
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Table 3 DXYS156X allele frequencies worldwide

Location n Reference Allele

4 5 6 7 8 9 10 11 12

Sicily (Sciacca) 116 This study 0.01 0 0 0.87 0.03 0.05 0.04 0 0
Sicily (Troina) 166 This study 0 0 0 0.78 0.08 0.13 0.01 0.01 0
Germany 116 Kersting et al. (2001) 0 0 0 0.81 0.08 0.07 0.03 0 0
Italy 100 Kersting et al. (2001) 0 0 0 0.81 0.06 0.12 0.01 0 0
Turkey 194 Kersting et al. (2001) 0.02 0 0.01 0.83 0.02 0.11 0.02 0 0
Morocco 129 Kersting et al. (2001) 0.01 0.01 0 0.76 0.04 0.17 0.02 0.01 0
E. Africa 21 Kersting et al. (2001) 0.14 0 0.04 0.33 0.28 0.14 0.04 0 0
W. Africa 361 Kersting et al. (2001) 0.33 0.01 0 0.20 0.26 0.14 0.03 0.01 0
Namibia (Ovambo) 179 Kersting et al. (2001) 0.31 0 0 0.21 0.30 0.13 0.02 0.01 0
Mongolia 20 Kersting et al. (2001) 0 0 0 1.00 0 0 0 0 0
China 94 Kersting et al. (2001) 0 0.01 0 0.93 0.05 0 0 0 0
Korea 48 This study 0 0 0 0.96 0.04 0 0 0 0
Japan 138 Kersting et al. (2001) 0 0.01 0.01 0.92 0.04 0.02 0 0 0
PNG highlands 114 Kersting et al. (2001) 0 0.01 0 0.96 0.03 0 0 0 0
Africa (incl. Egypt) 223 Karafet et al. (1998) 0.19 0 0.01 0.24 0.27 0.18 0.08 0.01 0.02
Europe 312 Karafet et al. (1998) 0 0 0 0.80 0.07 0.10 0.03 0 0
N. Asia 657 Karafet et al. (1998) 0 0 0 0.91 0.06 0.02 0 0 0
E. Asia 552 Karafet et al. (1998) 0 0 0 0.93 0.05 0.02 0 0 0
Australasia 104 Karafet et al. (1998) 0 0 0 0.96 0.03 0.01 0 0 0
Americas 442 Karafet et al. (1998) 0 0 0 0.91 0.02 0.07 0 0 0

Fig.2 Electrophoretic allele
ladder for distinguishing ade-
nine insertion alleles from uni-
form alleles at DXYS156
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Fig.3 Geographical distribu-
tion of DXYS156Y allele
length 11 repeats

Table 4 DXYS156Y allele frequencies worldwide

Location n Reference Allele

8 9 10 11 12 13 14 15

Sicily (Sciacca) 50 This study 0 0 0.02 0.14 0.84 0 0 0
Sicily (Troina) 48 This study 0 0 0.02 0.20 0.77 0 0 0
Italy (Modena) 99 Rossi et al. (1999) 0 0 0 0 0.99 0.01 0 0
Germany 179 Nata et al. (1999) 0 0 0.01 0.03 0.97 0 0 0
Finland 54 Sajantila et al. (1996) 0 0 0 0 0.98 0.02 0 0
Estonia 20 Sajantila et al. (1996) 0 0 0 0 1.00 0 0 0
Saami 28 Sajantila et al. (1996) 0 0 0 0 1.00 0 0 0
Sweden 40 Sajantila et al. (1996) 0 0 0 0 0.98 0.02 0 0
Basques 25 Sajantila et al. (1996) 0 0 0 0.08 0.88 0.04 0 0
Switzerland 51 Sajantila et al. (1996) 0 0 0 0 1.00 0 0 0
Switzerland 99 Kayser et al. (1997); 0 0 0 0 0.97 0.02 0 0

De Knijff et al. (1997)
Netherlands 89 Kayser et al. (1997); 0 0 0 0.05 0.94 0.01 0 0

De Knijff et al. (1997)
Turkey 39 Forster et al. (2000) 0 0 0 0.13 0.82 0.05 0 0
Kurdistan 101 Brinkmann et al. (1999) 0 0.02 0 0.13 0.86 0 0 0
Sinai 67 Salem et al. (1996) 0 0 0 0 1.00 0 0 0
Egypt 153 Salem et al. (1996) 0 0 0 0.46 0.54 0 0 0
Morocco 44 Kersting et al. (2001) 0 0 0 0.66 0.32 0.02 0 0
E. Africa 21 Kersting et al. (2001) 0.05 0.05 0 0.90 0 0 0 0
W. Africa 181 Kersting et al. (2001) 0 0 0.01 0.90 0.09 0.01 0 0
Namibia (Ovambo) 28 Forster et al. (2000) 0 0 0 0.96 0.04 0 0 0
Thailand 50 Horst (1999) 0 0 0 0.14 0.56 0.14 0.16 0
Mongolia 20 Forster et al. (2000) 0 0 0 0.45 0.40 0.10 0.05 0
China 35 Forster et al. (2000) 0 0 0 0.31 0.23 0.46 0 0
Korea 34 This study 0 0 0 0.12 0.50 0.32 0.06 0
Japan 44 Forster et al. (2000) 0 0 0 0.43 0.34 0.20 0.02 0
Australia 32 Forster et al. (1998) 0 0 0 0.56 0.44 0 0 0
PNG highlands 47 Forster et al. (1998) 0 0 0 0.09 0.91 0 0 0
Africa (incl. Egypt) 204 Karafet et al. (1998) 0.02 0.03 0 0.72 0.22 0.01 0 0
Europe 231 Karafet et al. (1998) 0 0 0 0.04 0.94 0.02 0 0
N. Asia 644 Karafet et al. (1998) 0 0 0 0.34 0.64 0.02 0 0
E. Asia 497 Karafet et al. (1998) 0 0 0 0.42 0.30 0.17 0.10 0.01
Australasia 68 Karafet et al. (1998) 0 0 0 0.27 0.69 0.04 0 0
Americas 362 Karafet et al. (1998) 0 0 0.01 0.06 0.92 0.01 0 0



Geographic specificities of alleles

The predominant Y allele in the Sicilian samples (inhabi-
tants of Troina and Sciacca) is allele length 12, which is
by far the most common European allele (Table 4). How-
ever, the allele 11 in the Troina sample is unusually com-
mon (10 out of 48 males) for a European population 
(Fig.3). We therefore investigated the family names of the
Troina donors and found that 6 of the 10 males with allele
11 share either of 2 family names. Evidently some of the
increased percentage of allele 11 in Troina is due to these
two paternal founders who must have lived some time af-

ter the introduction of family names in Italy (thirteenth to
fourteenth century AD), but before three generations ago,
which was our limit for tracing family relationships be-
tween donors.

While European males predominantly have Y allele 12
and Africans generally have Y allele 11, east Asians are
distinctive in having the longest Y alleles at high fre-
quency, namely Y alleles 13, 14 and 15 (Fig.4). On the X
chromosome, X allele 4 is found at high frequency only in
Africans (Fig.5). Hence, there are several X and Y alleles
which are diagnostic for different regions of the world,
which can assist the geographical assignment of the mater-
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Fig.4 Geographical distribu-
tion of DXYS156Y alleles ≥ 13
repeats

Fig. 5 Geographical distribu-
tion of DXYS156X allele
length 4 repeats



nal and paternal line of a male sample of unknown origin.
For female samples, in ideal cases paternal and maternal
X alleles may be distinguished by inference if the abun-
dant, maternally inherited, mitochondrial DNA (mtDNA)
of a sample is additionally typed and located geographi-
cally (mtDNA localisation is possible with a geographic
precision of 0–2000 km in two-thirds of cases, see Röhl et
al. 2001 and Forster et al. 2002): if the mtDNA type is
specific to the same part of the world as one of the X alle-
les, then it may be reasonable to equate the geographic
specificity of the other X allele with the paternal origin of
the sample.

Conclusions

The ability to unambiguously distinguish the X and Y homo-
logues via the point mutation greatly enhances the discrim-
ination capacity and sex testing capacity of DXYS156,
thus combining into a single PCR amplification experi-
ment what hitherto needs to be typed in three unrelated
PCRs (i.e. DNA fingerprinting through a multi-allelic au-
tosomal STR, Y typing through a Y STR, and sex testing
with the amelogenin system). Similar to the amelogenin
system, DXYS156 offers a positive control for sex testing
(the X homologue should always appear), except that
DXYS156 is multi-allelic and therefore additionally may
warn the user of the presence of contaminant alleles in the
sample. As a further bonus, the unambiguously distin-
guishable X and Y alleles display geographic specifici-
ties, allowing separate estimates of the maternal and pa-
ternal geographic origins of a given sample. We therefore
recommend that DXYS156 should replace less informa-
tive STRs in standard multiplexing kits.
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