
Abstract A set of seven Y-chromosomal STR loci
(DYS19, DYS389-I, DYS389-II, DYS390, DYS391,
DYS392, DYS393) with the addition of the bilocal
marker DYS385 was used to generate male-specific hap-
lotype databases for two Hungarian population samples,
Caucasians from the Budapest area and Romanies from
Baranya county. At the locus DYS385 three types of in-
termediate sized alleles were detected in six males. The
presence of a (GA) dinucleotide, probably due to an (AA)
deletion in the second (GAAA) repeat of the polymorphic
repeat region leads to an intermediate allelle 17.2. The in-
termediate alleles 17.-1 and 18.-1 with the consensus re-
peat structure of (GAAA)17 and (GAAA)18, respectively,
were found to lack a T in the same (T)7 stretch located
within the 3′ flanking region of each allele. The forensic
efficiency values for the Romany population were signifi-
cantly lower than those found in the Central Hungarian
and other non-isolated Causasian populations, which may
imply a possible common paternal ancestry of some hap-
lotypes in the Romany sample. With pairwise compar-
isons of inter-population molecular variance, the two pop-
ulations analyzed here and an Italian population sample,
could be clearly distinguished using the seven monolocal
Y-STRs. A sizing precision of ≤ 0.14 nucleotide standard
deviation was obtained with capillary electrophoresis car-
ried out on an ABI Prism 310 Genetic Analyzer. Objec-
tive and accurate genotyping is thus possible using an in-
ternal size standard with a high density of fragments.
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Introduction

The haploid and non-recombining nature of most Y-chro-
mosomal short tandem repeats (Y-STRs) and their relative
simplicity when used as polymorphic markers, makes
them useful tools for male identification purposes in pa-
ternity testing and forensic stain analysis [1, 2]. The aim
of this study was to generate and evaluate haplotype data-
bases of eight recently established Y-STRs for two Hun-
garian population samples, Budapest Caucasians and Ba-
ranya Romanies, which were analyzed previously with
autosomal DNA polymorphisms [3, 4]. A forensically
adopted basic set of seven Y-STRs (DYS19 [5], DYS389-
I, DYS389-II, DYS390, DYS391, DYS392, DYS393 [6])
with the addition of the bilocal marker DYS385 [6] was
used for haplotyping. In addition, to evaluate the precision
of allele sizing an experiment was performed for the cap-
illary electrophoresis system used in this study.

Materials and methods

Blood samples were collected from 116 Hungarian Caucasian
males living in the Budapest area (Central Hungary) and 78 Ro-
many males residing in Baranya county (south-western Hungary).

Coamplification of the loci was performed in three non-over-
lapping multiplex PCR systems: triplex I (DYS19, DYS389-I/II),
triplex II (DYS390, DYS391, DYS393), and duplex (DYS392,
DYS385). PCR amplification of the triplexes was performed ac-
cording to Kayser et al. [2]. PCR reactions for DYS392 and
DYS385 were carried out from 5 ng DNA template using 1U Am-
pliTaq Gold (Perkin Elmer) in a 25 µl reaction volume with 0.8
and 0.25 µM primers [6], respectively. Cycling conditions for the
duplex system (9600 PE thermocycler) were 10 cycles at 95°C for
11 min, 94°C for 30 s, 59–55°C for 30 s (with each cycle touch-
down 0.4 °C), 72°C for 45 s, then 20 cycles with 55°C annealing
temperature and a final extension of 60°C for 30 min.

The PCR products, which were fluorescein-labeled by the for-
ward primers, were analyzed by capillary electrophoresis in the de-
naturing polymer POP-4 on an ABI Prism 310 Genetic Analyzer
(PE). Standard electrophoretic conditions using the run module GS
STR POP4 F (1 ml) were applied in 47 cm, 50 µm ID uncoated
capillaries. For allele sizing of individual samples the fluorescent
ladders CXR 60–400 (Promega Corp.) and GeneScan-500 (ROX)
(GS500, PE) were used as internal size markers for the triplex and
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duplex systems, respectively. Data from the ABI Prism 310 instru-
ment were analyzed with GeneScan 2.1 software using the local
Southern sizing and light smoothing algorithms. Automatic allele
assignment for the Y-STRs was possible by comparison with a
reamplified allelic ladder utilizing Genotyper 2.1 software and set-
ting a ± 0.5 nucleotide (nt) allele size window around the ladder
fragments. An allele nomenclature was used according to de Knijff
et al. [7]. Allelic designation was done according to Bär et al. [8].

The sizing precision of the 310 instrument was determined in
two different modes using population database samples and by
running allelic ladders for the 6 monolocal tetramer Y-STR loci in
50 consecutive injections. In the latter case the two different size
standards were compared. The allelic ladders used for sizing preci-
sion analysis contained the alleles DYS19: 13–17, DYS389-I: 9–11,
DYS389-II: 25–29, DYS390: 18–26, DYS391: 9–12 and DYS393:
11–15.

Following standard protocols for the purification of PCR prod-
ucts [9] sequencing analysis of purified DYS385 alleles was car-
ried out on an ABI 310 instrument using Dye Terminator Cycle
Sequencing FS AmpliTaq kit (PE). Sequencing was done with for-
ward as well as reverse primers.

Inter-population variance (ΦST) of analysis of molecular vari-
ance (AMOVA) was computed in a pairwise method using the
software ARLEQUIN v1.1 [10, 11]. Haplotype diversity was cal-
culated according to Nei [12].

Results and discussion

A measure of the precision of the computerized allele siz-
ing was examined by analyzing individual samples as
well as Y-STR allelic ladders on the ABI Prism 310 in-
strument (Table 1). In each of the precision experiments,
the achieved sizing precision of ≤ 0.14 nt standard devia-
tion allows a ± 0.5 nt allele size window to be set for
genotyping. The extreme values of both the standard de-
viations (SD) and the windows of estimated allelic size
detected by applying CXR60–400 for the ladders of the
six monolocal tetramer Y-STR loci, with the only excep-

tion obtained at DYS390, were smaller than those mea-
sured using GS500 (Table 1). In the comparison of two
different size standards, there was a definite advantage
observed using the size standard with a greater density of
fragments (i.e. CXR60–400).

Due to the high resolution power of this capillary elec-
trophoresis system three types of intermediate sized alle-
les could be detected at the locus DYS385. All genotypes
carrying variant alleles showed the two-band pattern.
These variant alleles were designated as 17.-1, 18.-1 and
17.2 according to their sequence stucture (Fig.1). Alleles
17.-1 and 18.-1 were found to lack a T in the same block
of a (T)7 stretch located within the 3 flanking region of
each allele. At the allele 17.2 the presence of a (GA),
probably due to an (AA) deletion in the second (GAAA)
repeat of the polymorphic repeat region was detected. 
Interestingly, all five individuals carrying either the 17.-1
or 18.-1 allele have the same five-locus haplotype of 
the markers DYS389-I, DYS390, DYS391, DYS392, and
DYS393. In addition, among three Budapest Caucasians
out of these five males there was no allelic difference
found for the seven monolocal Y-STR loci. This observa-
tion may suggest that the T deletion detected at these vari-
ant alleles is likely to have occurred recently. However,
this hypothesis should be reinforced by searching for
unique polymorphisms, because the relative high recur-
rent mutation rate of Y-STRs could lead to different Y
chromosomes carrying the very similar or same distribu-
tion of Y-STR alleles [1, 7, 13]. As recently described, ex-
cept for isolated point mutations (substitutions), no sys-
tematic differences were observed either in the repeat se-
quence or in the flanking regions between the two DYS385
fragments of a given individual [9]. Thus the mutations
reported previously do not seem be suitable to identify al-
lele- or locus-specific differences. The further examina-
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Table 1 Range of standard de-
viations (SD) and windows of
estimated allelic size for the six
monolocal tetramer Y-STR loci
obtained by analyzing of popu-
lation database samples (PDS,
194 males) and allelic ladders on
an ABI Prism 310 instrument.
Two different size standards
(CXR60–400 and GS500) were
applied to the allelic ladders

nt = nucleotide

Locus PDS (CXR60–400) Y-ladder (CXR60–400) Y-ladder (GS500)

SD Window SD Window SD Window
(nt) (nt) (nt) (nt) (nt) (nt)

DYS19 0.06–0.07 0.22–0.39 0.05–0.06 0.18–0.30 0.08–0.10 0.26–0.37
DYS389-I 0.06–0.08 0.17–0.44 0.05–0.06 0.19–0.26 0.09–0.10 0.33–0.39
DYS389-II 0.09–0.14 0.23–0.55 0.05–0.07 0.26–0.27 0.09–0.13 0.37–0.46
DYS390 0.05–0.10 0.10–0.47 0.07–0.09 0.27–0.43 0.08–0.11 0.24–0.38
DYS391 0.02–0.08 0.04–0.45 0.05–0.05 0.20–0.23 0.07–0.09 0.34–0.40
DYS393 0.03–0.08 0.07–0.45 0.05–0.06 0.22–0.30 0.08–0.09 0.33–0.36

Fig.1 Sequence structure and fragment length of the three types
of intermediate sized DYS385 alleles observed in the population
survey. Sequencing was performed on all the six persons carrying

variant alleles. In the case of alleles 17.-1 and 18.-1 the starting po-
sition of the (T)6 block lacking a T as compared to the reference se-
quence (EMBL database accession no. Z93950) [9] is indicated
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Table 2 A list of 133 Y-STR
haplotype combinations for
DYS19/DYS389-I/DYS389-
II/DYS390/DYS391/DYS392/
DYS393/DYS385 observed in
116 Budapest Caucasians and
in 78 Baranya Romanies (in
parentheses)

Haplotype Obs. n Haplotype Obs. n

12/10/27/24/10/11/13/17/17 1 (–) 15/9/26/22/10/11/13/13/15 1 (–)
13/9/25/22/10/11/14/14/14 1 (–) 15/9/26/22/10/11/14/15/15 – (1)
13/9/25/24/11/13/13/12/14 1 (–) 15/9/26/23/10/11/13/12/14 1 (–)
13/9/27/24/10/11/13/16/17 1 (–) 15/9/26/23/10/11/13/13/14 2 (–)
13/10/26/22/10/15/13/14/16 1 (–) 15/10/26/22/10/11/12/14/17 – (3)
13/10/27/24/10/11/13/15/20 1 (–) 15/10/26/22/10/11/12/15/17 1 (–)
13/10/27/24/11/11/13/17/17 2 (–) 15/10/26/24/11/13/13/12/14 1 (–)
13/11/26/25/10/16/13/13/17 1 (–) 15/10/26/25/10/11/13/11/15 1 (–)
13/11/27/22/10/13/13/14/18 1 (–) 15/10/26/25/10/13/13/11/14 – (1)
13/11/27/24/9/11/13/13/13 2 (–) 15/10/27/24/11/11/13/14/15 1 (–)
13/11/28/22/8/11/13/12/15 1 (–) 15/10/27/25/10/11/13/11/14 1 (2)
13/11/28/24/10/11/13/16/19 – (1) 15/10/27/25/10/11/13/12/14 1 (–)
13/11/28/24/10/11/13/18/18 – (1) 15/10/27/25/11/11/13/10/14 1 (–)
14/9/25/22/10/11/13/13/14 2 (1) 15/10/27/25/11/11/13/12/14 1 (–)
14/9/25/22/10/11/13/14/14 – (3) 15/10/28/22/10/11/12/13/15 – (1)
14/9/25/22/10/11/13/14/15 – (1) 15/10/28/24/11/11/13/11/14 – (1)
14/9/25/22/10/11/14/14/14 2 (–) 15/10/28/25/10/11/13/11/14 1 (4)
14/9/25/23/10/11/12/15/16 1 (–) 15/10/28/25/11/11/13/11/14 – (18)
14/9/25/23/10/11/13/13/14 2 (–) 15/10/28/25/12/11/13/11/14 – (1)
14/9/25/23/10/11/13/13/15 1 (–) 15/10/29/24/12/11/13/14/15 1 (–)
14/9/25/24/10/11/12/14/17.-1 1 (–) 15/10/29/25/9/11/13/11/15 1 (–)
14/9/25/24/10/13/13/11/14 1 (–) 15/11/26/24/10/13/13/12/14 1 (–)
14/9/25/25/10/14/13/11/14 1 (–) 15/11/27/22/10/11/12/15/16 – (5)
14/9/26/22/10/11/13/13/14 1 (–) 15/11/27/22/10/11/12/15/17 1 (9)
14/9/26/23/10/11/12/13/19 1 (–) 15/11/28/21/11/11/12/14/16 1 (–)
14/9/26/24/11/13/12/11/14 1 (–) 15/11/28/23/10/12/14/13/17 1 (–)
14/9/27/22/10/11/13/13/14 1 (–) 15/12/28/22/10/11/12/15/15 – (1)
14/10/25/23/10/11/12/12/16 1 (–) 15/12/28/22/10/11/12/15/17 – (5)
14/10/25/24/10/14/12/11/15 1 (–) 16/9/25/24/11/11/14/13/17.2 1 (–)
14/10/26/22/11/13/13/11/14 1 (–) 16/9/26/24/10/11/12/13/18 1 (–)
14/10/26/23/10/11/13/12/13 1 (–) 16/10/26/24/10/11/13/11/15 1 (–)
14/10/26/23/10/13/13/11/14 – (1) 16/10/26/24/11/11/13/11/14 – (1)
14/10/26/23/11/11/12/13/16 – (1) 16/10/26/24/11/11/13/14/15 1 (–)
14/10/26/23/11/13/13/11/14 2 (–) 16/10/26/25/10/11/13/11/14 1 (–)
14/10/26/24/10/13/13/11/14 1 (–) 16/10/27/24/11/11/13/15/19 – (1)
14/10/26/24/10/13/13/11/15 – (1) 16/10/27/25/10/11/13/11/14 1 (–)
14/10/26/24/10/14/12/11/14 1 (–) 16/10/27/25/11/11/13/11/14 2 (–)
14/10/26/24/11/13/12/11/15 1 (–) 16/10/28/22/10/11/12/13/15 1 (–)
14/10/26/24/11/13/13/11/11 1 (–) 16/10/28/24/10/11/13/14/15 1 (–)
14/10/26/24/11/13/13/11/13 1 (–) 16/10/28/24/11/11/13/14/15 1 (–)
14/10/26/24/11/13/13/11/14 1 (1) 16/10/28/24/11/11/13/14/16 1 (–)
14/10/26/25/11/13/13/11/14 1 (–) 16/10/28/25/10/11/13/11/15 1 (–)
14/10/26/25/11/13/13/14/14 1 (–) 16/10/29/24/11/11/13/14/15 2 (–)
14/10/27/22/10/11/12/13/16 1 (–) 16/10/29/24/11/11/13/15/15 1 (–)
14/10/27/23/10/11/12/13/15 1 (–) 16/10/29/25/11/11/13/14/14 – (1)
14/10/27/23/10/11/12/14/17 1 (–) 16/11/26/23/10/13/13/12/14 1 (–)
14/10/27/24/11/13/12/11/16 1 (–) 16/11/27/24/10/11/13/13/15 1 (–)
14/10/27/25/11/13/13/10/14 1 (–) 16/11/28/24/10/11/13/14/15 – (1)
14/10/28/23/10/11/12/13/16 1 (–) 16/11/28/24/11/11/13/11/14 1 (–)
14/10/28/23/11/13/12/11/15 1 (–) 16/11/28/25/11/11/13/11/16 1 (–)
14/11/26/23/10/12/12/13/17 1 (–) 16/11/28/26/11/11/13/11/14 1 (–)
14/11/27/23/11/14/14/13/13 1 (–) 17/9/25/26/10/11/14/13/18 1 (–)
14/11/27/24/11/13/13/11/15 1 (–) 17/10/26/25/10/11/13/11/14 1 (–)
14/11/27/25/10/11/13/15/16 – (1) 17/10/26/25/11/11/13/11/14 1 (–)
14/11/28/22/10/11/12/13/15 1 (–) 17/10/27/23/10/12/15/16/18 1 (–)
14/11/28/23/10/11/12/13/16 1 (2) 17/10/27/25/10/11/13/10/14 1 (–)
14/11/28/24/10/11/12/17/18 – (4) 17/10/27/26/10/11/13/11/13 1 (–)
14/11/28/24/10/11/12/18/18 – (1) 17/10/28/24/11/11/13/13/16 1 (–)



tion of the Y chromosomes harboring the variant alleles
presented here may provide a possibility for the discrimi-
nation between the two loci of the DYS385 marker in spe-
cial situations.

A total of 133 different Y-STR haplotypes could be
identified in 194 males from the surveyed population
samples (Table 2) and 107 and 32 haplotypes were ob-
served in 116 Budapest Caucasians and 78 Baranya Ro-
manies, respectively. The haplotype diversity and dis-
criminatory capacity values for the Romany population
sample (0.912 and 41%) were significantly smaller than
those found in the Central Hungarian (0.99 and 92.2%)
and other Causasian populations [2, 14, 15]. This obser-
vation may imply a possible common paternal ancestry of
some haplotypes in such genetically closed population
groups as Hungarian Romanies. The two Hungarian pop-
ulations analyzed here, with the addition of another Cau-
casian population sample surveyed in Italy [14], can be
significantly distinguished with the seven monolocal Y-
STR loci by AMOVA analysis (Table 3).

In conclusion, two Hungarian population databases
have been established for eight Y-STR loci using a capil-
lary electrophoresis system bearing a sufficient precision
and resolution power for reliable genotyping. A signifi-
cant difference was found between the two Hungarian
population samples by performing Y-STR haplotype
analysis using AMOVA and by making a comparison be-
tween the forensic efficiency values for these populations.
Therefore, these results suggest that the forensic interpre-
tation of a Y-STR haplotype as DNA evidence in cases of
non-exclusions requires special attention to population
substructuring due to prevalent male lineages.
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