
Abstract In order to determine to what extent the sepa-
rate analysis of both copies of DYS385 improves Y-chro-
mosomal short tandem repeat (Y-STR) haplotyping, we
followed a recently published protocol for the separate
amplification of DYS385a and DYS385b with modifica-
tions and compared the results with those obtained by con-
ventional analysis in a population sample comprising 133
unrelated Caucasian males from Austria. Additionally, we
typed all markers of the minimal haplotype (minHT) and
a set of Y-chromosomal single nucleotide polymorphisms
(Y-SNPs) in order to interpret the STR data depending on
the Y-SNP haplogroup structure. The separate amplifica-
tion of DYS385a and b improved the power of discrimi-
nation of this marker when compared to the results ob-
tained with the conventional non-locus-discriminating am-
plification strategy. However, the degree of this improve-
ment varied greatly between different haplogroups and
was found to be highest in clade K. In the forensically rel-
evant context of the minHT, the separate analysis of the
DYS385 alleles had no effect on the differentiation of pa-
ternal lineages in our study. Furthermore, the amplicon
lengths of 700–780 base pairs obtained in the course of
the locus-discriminating approach restrict the applicabil-
ity of this amplification strategy to high quality DNA
samples.

Keywords Y chromosome · DYS385 · Y-STR · Y-SNP
haplogroups · Population study

Introduction

The major limitation (and also advantage) associated with
the use of Y-chromosomal markers in forensic science is
that they can discriminate between different paternal lin-
eages but not between males that belong to the same pa-
triline. The reason for this is that the male-specific region
of the Y-chromosome (MSY, Skaletsky et al. 2003) does
not recombine during meiosis. Hence, the MSY is trans-
mitted along paternal lineages and all markers in it are
fully linked. Consequently, all members of a particular
lineage show the same allele combination for the set of 
Y-chromosomal markers used, which has to be considered
as a haplotype.

A combination of eight Y-chromosomal short tandem
repeat systems (Y-STRs) forms the core set of the markers
included in the Y-STR haplotype reference database (YHRD;
Roewer et al. 2001; http://www.ystr.org). This allele com-
bination is generally referred to as the “minimal haplo-
type” (minHT).

In order to improve Y-chromosomal haplotyping, a num-
ber of novel Y-STRs have been characterized and studied
in different populations (e.g. Beleza et al. 2003; Berger et
al. 2003; Butler et al. 2002; Redd et al. 2002; Zarrabeitia
et al. 2003). On the other hand, the analysis of the Y-STR
marker with the highest gene diversity in the minHT,
DYS385, does not utilize the full information content of
this duplicated marker when conventional PCR strategies
are used, because both copies are amplified simultane-
ously. This makes an unambiguous assignment of the al-
leles to the loci DYS385a and DYS385b impossible.

DYS385a and b lie on the long arm of the Y-chromo-
some in palindrome P4 close (~450 bp) to the proximal
and distal inner borders that separate the duplicated arms
(190 kb long, 99.97% sequence identity) from the 40 kb
interspersed unique spacer-sequence (Kittler et al. 2003;
Seo et al. 2003; Skaletsky et al. 2003). This enables the
design of locus-specific PCR primers that hybridize to the
spacer-sequence. Both DYS385 alleles can be amplified
separately when these primers are used in combination with
a non-discriminating primer that lies in the duplicated
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fragment on the opposite side of the STR (Kittler et al.
2003; Seo et al. 2003). This facilitates the correct assign-
ment of the two alleles to their loci as long as no inversion
of the spacer-sequence or the entire Y-chromosomal seg-
ment occurs.

The lengths of the PCR products that are obtained with
this strategy range between 700 bp and 780 bp. For accu-
rate downstream fragment length analysis, it is therefore
necessary to reduce the size of the amplicons. This is
achieved by subjecting the PCR fragments to a second
round of amplification where both primers are located close
to the repeat motif (Kittler et al. 2003; Seo et al. 2003).

The aims of this study were to specify to what extent
the separate analysis of both DYS385 copies improves 
Y-STR haplotyping and to assess to what degree it is in-
fluenced by the Y-chromosomal single nucleotide poly-
morphism (Y-SNP) haplogroup composition of our popu-
lation sample.

Materials and methods

DNA samples

Blood samples were obtained from 133 unrelated Caucasian males
from Tirol (Austria). DNA was extracted and quantified as de-
scribed previously (Berger et al. 2003).

PCR amplification and electrophoretic separation

All previously unpublished primers that were used in this study
were designed with the computer program Primer Express version
1.5 (AB, Applied Biosystems, Foster City, Calif., USA). The se-
quences and final concentrations in the PCR cocktail are listed in
Table 1. The PCR conditions and sequences of the primers used for
the amplification of the eight Y-STR systems (DYS19, DYS389I,
DYS389II, DYS390, DYS391, DYS392, DYS393 and DYS385)
that represent the core set of the Y-STR haplotype reference data-
base were taken from Parson et al. (2001).

The locus-discriminating primers dys385a and dys385b were
designed on the basis of the nucleotide sequences of the clones
RP11-143C1 (GenBank entry AC007379) and RP11-569J3 (Gen-
Bank entry AC022486), respectively. These two clones belong to
the RPCI-11 human BAC library (Osoegawa et al. 1998) which
was constructed from blood of a single male donor that belongs to
the Y-SNP haplogroup R* in the YCC2003 Tree (Jobling and
Tyler-Smith 2003; http://ycc.biosci.arizona.edu). The aligned se-
quence of the euchromatic regions of the Y-chromosome of this
particular man (Skaletsky et al. 2003) reveals 11 and 14 repeats of

the GAAA motif for the proximal (5’) and distal (3’) copies of
DYS385, respectively.

In order to prevent confusion we chose to follow the conven-
tion of Kittler et al. (2003) for the assignment of alleles to the two
DYS385 loci, although it defines the proximal copy as DYS385b
and the distal copy as DYS385a. Hence, the DYS385 haplotype of
the blood donor for the construction of the RPCI-11 clone library
is denoted as 14-11.

The locus-specific first round PCR was performed in 0.2 ml
MicroAmp reaction tubes (AB) in a total volume of 20 µl contain-
ing 1× PCR buffer (AB), 1.5 mM MgCl2, 0.2 mM of each dNTP,
300 nM locus discriminating primer dys385a or dys385b, 300 nM
DYS385.2B (Schneider et al. 1998), 10 ng genomic DNA and 2.5
units AmpliTaq Gold DNA polymerase (AB). The amplification
reactions were conducted on a GeneAmp PCR System 9700 (AB)
by an initial denaturation step at 95°C for 10 min, 30 cycles com-
prising 95°C for 15 s, 54°C for 1 min and 72°C for 2 min, followed
by a final extension step at 72°C for 60 min.

The unpurified first-round amplification products were sub-
jected to separate semi-nested second round PCR amplification in
order to reduce the fragment length to approximately 250–300 bp
for downstream analysis steps. The reaction set-up for the reampli-
fication of both first round amplicons comprised 1×PCR buffer
(AB), 1.5 mM MgCl2, 0.2 mM of each dNTP, 200 nM FAM-la-
belled primer DYS385A (Kayser et al. 1997), 200 nM primer
DYS385.2B, 1 µl undiluted first-round PCR product and 1 unit
AmpliTaq Gold DNA polymerase (AB) in a total volume of 20 µl.
Thermal cycling was performed for 7 cycles comprising 95°C for
15 s, 58°C for 1 min and 72°C for 1 min after an initial denatura-
tion at 95°C for 10 min. The final extension step was conducted at
72°C for 60 min.

Capillary gel electrophoretic separation of the PCR products
and data analysis were performed as described by Berger et al.
(2003).

Y-chromosomal single nucleotide polymorphism analysis

A set of nine Y-SNPs was analyzed in all samples of our study. The
SNPs M9, SRY-1532 (=SRY-10831a/b), SRY-4064 (=M40=SRY-
8299), 92R7 and Tat (=M46) were analyzed by digestion of fluo-
rochrome-labelled PCR fragments with restriction endonucleases
(Hurles et al. 1998, 1999; Santos et al. 1999; Zerjal et al. 1997) fol-
lowed by laser-induced fluorescence capillary electrophoresis.

The Y-SNPs M17, M35, M213 and P25 were amplified by PCR
and subsequently analyzed by mass spectrometry. M213 was am-
plified using singleplex PCR, the other three Y-SNP markers were
amplified together in one multiplex reaction. The PCR was carried
out in 0.2 ml MicroAmp reaction tubes (AB) in a total volume of
20 µl containing 1× PCR buffer (AB), 1.5 mM MgCl2, 0.2 mM of
each dNTP, 5 µg bovine serum albumin, 10 ng genomic DNA and
5 units AmpliTaq Gold DNA polymerase (AB). Thermal cycling
was carried out on a GeneAmp PCR system 9700 (AB) for 40 cy-
cles comprising 95°C for 15 s, 64°C for 1 min (multiplex PCR) or
40°C for 1 min (singleplex PCR) and 72°C for 1 min after an initial
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Table 1 Sequences of previous-
ly unpublished oligonucleotide
primers used in amplification
reactions and their final con-
centrations in the PCR cocktail
(Conc)

Primer Conc. Sequence

dys385a 0.3 µM 5’ CATGTGGCTATTGAGCACTTG 3’
dys385b 0.3 µM 5’ GTCAGAGACTAGGAATGCAATTTC 3’
M17 F 0.5 µM 5’ TCTGTCTACTCACCAGAGTTTGTGGTTGCTG 3’
M17 R 0.5 µM 5’ GGCCACTTAACAAACCCCAAAATTCACTTAA 3’
M35 F 0.9 µM 5’ AGTGCCCCAATTTTCCTTTGGGACACTG 3’
M35 R 0.3 µM 5’ GCAGACTTTCGGAGTCTCTGCCTGTGTC 3’
P25 F 1.0 µM 5’ GTAAAGTGAATTATCTGCCTGAAACCTGCCTG 3’
P25 R 1.0 µM 5’ GATGGACCGAGATACGAGCACAATTCTATTT 3’
M213 F 0.9 µM 5’ TATATCTATTACTATTACATATATTAATAAGAAGTCA 3’
M213 R 0.3 µM 5’ TAAAATATTCAGAACTTAAAACATCTCGTTAC 3’



3

Fig. 1 Relative frequencies of
the DYS385 alleles a and b
(bar graphs) in the entire pop-
ulation sample and several 
Y-SNP haplogroups. In the
bubble plots the centres of the
circles depict the different
DYS385 haplotypes. The di-
ameters of the circles corre-
spond to the population fre-
quencies of the DYS385 haplo-
types



denaturation step at 95°C for 10 min. The final extension step was
set to 72°C for 30 min. The amplified fragments were analyzed di-
rectly by ion-pair reversed-phase liquid chromatography-electro-
spray ionization mass spectrometry (ICEMS; Berger et al. 2002;
Oberacher et al. 2001; Premstaller et al. 2000).

Nomenclature and statistical analysis

The nomenclature of the Y-STR systems and the Y-SNP hap-
logroups followed the recommendations of the International Soci-
ety for Forensic Genetics (ISFG) for the forensic use of Y-STRs
(Gill et al. 2001) and the YCC2003 Tree (Jobling and Tyler-Smith
2003; Y Chromosome Consortium 2002), respectively. The combi-
nations of the two alleles DYS385a and DYS385b were denoted as
“haplotypes” (e.g. DYS385a-DYS385b: 14-11) when the locus-dis-
criminating protocol was used for amplification. When DYS385a
and b were analyzed simultaneously, the DYS385 allele combina-
tions were referred to as “phenotypes”. In this particular case, the
two alleles were denoted in ascending order of their lengths, sepa-
rated by a hyphen and labelled with the subscript “a” (e.g. 11-14a)
indicating that this designation does not make allele to locus as-
signments, as they would be ambiguous. DYS385 phenotypes or
haplotypes that differed in length by a single repeat unit in one or
both alleles were called “direct neighbours”.

Non-”homozygous” DYS385 haplotypes that were indistin-
guishable from each other by means of the conventional non-lo-
cus-discriminating analysis (e.g. 11-14 and 14-11) were referred to
as “complementary” (Kittler et al. 2003) throughout the text.

Estimates for the gene diversity (H) values and the sampling
variances were computed with the Arlequin software (Schneider et
al. 2000).

Results

The conventional amplification strategy for DYS385 al-
lowed the discrimination of 27 different phenotypes
(H=0.862±0.026) in the entire population sample. With
the separate analysis of the two DYS385 copies this num-
ber increased to 34 haplotypes (H=0.919±0.015). For
DYS385a the alleles 10–17 and for DYS385b the alleles
11–19 and 23 were found in our population sample (Fig. 1).
The most informative marker was DYS385b with a gene
diversity of 0.835 followed by DYS385a (H=0.757) and
DYS390 (H=0.737). The estimated gene diversities and
sampling variances of the other Y-STR markers in the dif-
ferent Y-SNP haplogroups found in our study are listed in
Table 2.

In accordance with Kittler et al. (2003), all 15 samples
(Table 3) that yielded only a single fluorescent peak when
the conventional amplification strategy was used, pro-
duced two bands of identical lengths when DYS385a and
DYS385b were analyzed separately.

The determination of the Y-SNP haplogroup structure
of our population sample revealed that the state of the 
Y-SNP M9 sorted our samples in two groups of almost
equal size, one with a high and the other one with a low
variability for the two DYS385 loci (Figs. 1, 2).

In the concatenated Y-SNP haplogroups E and F*(xK),
that share the ancestral state of M9, DYS385 was the
marker with the highest information content. The diver-
sity of DYS385 haplotypes was only marginally higher
than that obtained for the DYS385 phenotypes (Fig. 2).
With the conventional PCR protocol we could distinguish
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Table 3 Absolute population
frequencies (n) of samples with
different minimal haplotypes
(from left to right DYS19,
DYS389I, DYS389II,
DYS390, DYS391, DYS392,
DYS393, DYS385 phenotype)
plus the DYS385a and
DYS385b alleles and haplo-
group (Y-SNP hg) affiliations

Sample Minimal haplotype DYS385a DYS385b Y-SNP hg n

GMI_008 13-13-30-24-10-11-13-16-18 16 18 E*(xE3b) 5
GMI_009 13-13-30-24-10-11-13-16-18 16 18 E*(xE3b)
GMI_010 13-13-30-24-10-11-13-16-18 16 18 E*(xE3b)
GMI_011 13-13-30-24-10-11-13-16-18 16 18 E*(xE3b)
GMI_012 13-13-30-24-10-11-13-16-18 16 18 E*(xE3b)
GMI_038 14-13-29-23-11-13-10-11-14 14 11 P*(xR1a,R1b) 4
GMI_039 14-13-29-23-11-13-10-11-14 14 11 P*(xR1a,R1b)
GMI_040 14-13-29-23-11-13-10-11-14 14 11 P*(xR1a,R1b)
GMI_041 14-13-29-23-11-13-10-11-14 14 11 P*(xR1a,R1b)
GMI_044 14-13-29-23-11-13-13-11-14 14 11 P*(xR1a,R1b) 4
GMI_045 14-13-29-23-11-13-13-11-14 14 11 P*(xR1a,R1b)
GMI_046 14-13-29-23-11-13-13-11-14 14 11 P*(xR1a,R1b)
GMI_047 14-13-29-23-11-13-13-11-14 14 11 P*(xR1a,R1b)
GMI_051 14-13-29-24-11-13-13-11-14 14 11 P*(xR1a,R1b) 4
GMI_052 14-13-29-24-11-13-13-11-14 14 11 P*(xR1a,R1b)
GMI_053 14-13-29-24-11-13-13-11-14 14 11 P*(xR1a,R1b)
GMI_054 14-13-29-24-11-13-13-11-14 14 11 P*(xR1a,R1b)
GMI_125 16-13-30-25-10-11-13-11-14 11 14 R1a* 4
GMI_126 16-13-30-25-10-11-13-11-14 11 14 R1a*
GMI_127 16-13-30-25-10-11-13-11-14 11 14 R1a*
GMI_128 16-13-30-25-10-11-13-11-14 11 14 R1a*
GMI_084 15-12-29-22-10-11-13-14-14 14 14 F*(xK) 3
GMI_085 15-12-29-22-10-11-13-14-14 14 14 F*(xK)
GMI_086 15-12-29-22-10-11-13-14-14 14 14 F*(xK)
GMI_022 14-12-28-22-10-11-13-13-15 15 13 F*(xK) 2
GMI_023 14-12-28-22-10-11-13-13-15 15 13 F*(xK)
GMI_024 14-12-28-22-10-11-14-13-14 14 13 F*(xK) 2
GMI_025 14-12-28-22-10-11-14-13-14 14 13 F*(xK)
GMI_077 15-12-28-22-10-11-14-15-16 15 16 F*(xK) 2
GMI_078 15-12-28-22-10-11-14-15-16 15 16 F*(xK)
GMI_042 14-13-29-23-11-13-13-11-13 13 11 P*(xR1a,R1b) 2
GMI_043 14-13-29-23-11-13-13-11-13 13 11 P*(xR1a,R1b)
GMI_064 14-13-30-24-10-13-13-11-14 14 11 P*(xR1a,R1b) 2
GMI_065 14-13-30-24-10-13-13-11-14 14 11 P*(xR1a,R1b)
GMI_113 15-14-30-24-11-13-13-12-15 15 12 P*(xR1a,R1b) 2
GMI_114 15-14-30-24-11-13-13-12-15 15 12 P*(xR1a,R1b)
GMI_003 13-12-29-23-10-11-13-16-17 17 16 E3b 1
GMI_005 13-13-30-23-11-11-13-16-17 16 17 E3b 1
GMI_006 13-13-30-24-10-11-13-15-18 15 18 E3b 1
GMI_007 13-13-30-24-10-11-13-16-17 16 17 E3b 1
GMI_013 13-13-30-24-10-11-13-17-17 17 17 E3b 1
GMI_014 13-13-30-24-11-11-13-17-19 17 19 E3b 1
GMI_015 13-13-30-25-10-11-13-15-17 15 17 E3b 1
GMI_016 13-13-31-23-10-11-12-14-19 14 19 E3b 1
GMI_017 13-13-31-24-10-11-13-16-18 16 18 E3b 1
GMI_019 13-13-31-24-11-11-13-15-16 15 16 E3b 1
GMI_062 14-13-30-24-10-10-13-17-19 17 19 E3b 1
GMI_063 14-13-30-24-10-11-13-16-18 16 18 E3b 1
GMI_068 14-13-31-24-11-11-13-15-15 15 15 E3b 1
GMI_004 13-13-30-22-10-11-12-13-19 13 19 F*(xK) 1
GMI_018 13-13-31-24-10-11-13-17-19 17 19 F*(xK) 1
GMI_020 14-11-27-23-10-11-13-13-15 15 13 F*(xK) 1
GMI_021 14-12-28-22-10-11-12-12-19 12 19 F*(xK) 1
GMI_026 14-12-28-23-10-11-13-13-13 13 13 F*(xK) 1
GMI_027 14-12-28-23-10-11-13-13-14 14 13 F*(xK) 1
GMI_029 14-12-28-23-09-11-12-13-14 14 13 F*(xK) 1
GMI_031 14-12-29-22-10-11-13-13-14 14 13 F*(xK) 1
GMI_032 14-12-30-22-10-11-13-13-14 14 13 F*(xK) 1
GMI_036 14-13-29-22-10-11-14-14-15 15 14 F*(xK) 1
GMI_037 14-13-29-23-10-11-12-13-17 13 17 F*(xK) 1
GMI_061 14-13-30-23-11-11-12-17-23 17 23 F*(xK) 1
GMI_067 14-13-31-23-10-11-12-13-16 13 16 F*(xK) 1
GMI_074 15-12-28-21-10-11-13-14-14 14 14 F*(xK) 1
GMI_075 15-12-28-22-10-11-14-12-16 12 16 F*(xK) 1
GMI_076 15-12-28-22-10-11-14-13-14 13 14 F*(xK) 1
GMI_079 15-12-28-24-10-11-12-14-17 14 17 F*(xK) 1
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Table 3 (continued)

GMI_080 15-12-28-24-11-11-12-13-17 13 17 F*(xK) 1
GMI_081 15-12-28-24-11-11-12-14-17 14 17 F*(xK) 1
GMI_083 15-12-28-25-10-11-12-13-17 13 17 F*(xK) 1
GMI_087 15-12-29-22-10-11-14-13-14 13 14 F*(xK) 1
GMI_088 15-12-29-23-10-11-13-14-14 14 14 F*(xK) 1
GMI_089 15-12-29-23-10-11-13-15-15 15 15 F*(xK) 1
GMI_090 15-12-29-23-10-11-14-14-14 14 14 F*(xK) 1
GMI_091 15-12-29-23-10-12-15-14-15 14 15 F*(xK) 1
GMI_092 15-12-29-24-10-11-14-14-14 14 14 F*(xK) 1
GMI_093 15-12-30-21-10-11-14-14-15 14 15 F*(xK) 1
GMI_094 15-12-30-22-10-11-14-14-14 14 14 F*(xK) 1
GMI_096 15-13-29-22-10-11-12-13-15 13 15 F*(xK) 1
GMI_097 15-13-29-22-10-11-13-13-14 14 13 F*(xK) 1
GMI_098 15-13-29-23-11-11-12-13-16 13 16 F*(xK) 1
GMI_108 15-13-31-23-10-12-14-15-15 15 15 F*(xK) 1
GMI_110 15-13-31-24-11-11-13-15-15 15 15 F*(xK) 1
GMI_112 15-14-30-24-10-12-15-15-16 15 16 F*(xK) 1
GMI_115 15-14-32-23-10-11-13-13-16 13 16 F*(xK) 1
GMI_116 16-12-28-24-10-11-12-13-17 13 17 F*(xK) 1
GMI_117 16-12-28-24-11-11-12-14-17 14 17 F*(xK) 1
GMI_118 16-12-29-22-10-10-14-15-15 15 15 F*(xK) 1
GMI_119 16-12-29-23-10-12-14-13-14 14 13 F*(xK) 1
GMI_124 16-13-30-24-11-11-13-14-15 14 15 F*(xK) 1
GMI_134 17-12-29-24-10-11-14-12-14 12 14 F*(xK) 1
GMI_135 17-13-31-24-11-11-13-13-15 13 15 F*(xK) 1
GMI_033 14-12-30-26-11-13-13-11-14 14 11 K*(xN3,P) 1
GMI_100 15-13-29-23-11-13-14-11-14 11 14 N3 1
GMI_001 12-12-28-25-11-13-12-11-14 14 11 P*(xR1a,R1b) 1
GMI_028 14-12-28-23-11-13-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_030 14-12-28-24-10-13-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_034 14-13-28-23-11-11-13-11-13 13 11 P*(xR1a,R1b) 1
GMI_035 14-13-28-24-11-13-13-12-14 14 12 P*(xR1a,R1b) 1
GMI_048 14-13-29-24-10-13-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_049 14-13-29-24-10-14-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_055 14-13-29-24-11-13-13-11-15 15 11 P*(xR1a,R1b) 1
GMI_056 14-13-29-24-11-13-14-11-13 13 11 P*(xR1a,R1b) 1
GMI_057 14-13-29-24-11-14-13-11-13 13 11 P*(xR1a,R1b) 1
GMI_058 14-13-29-25-10-13-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_059 14-13-29-25-11-13-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_060 14-13-30-22-11-13-13-11-13 13 11 P*(xR1a,R1b) 1
GMI_066 14-13-30-25-10-14-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_069 14-13-31-24-11-13-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_070 14-14-30-23-11-13-13-11-13 13 11 P*(xR1a,R1b) 1
GMI_071 14-14-30-23-12-13-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_072 14-14-30-25-11-13-14-11-14 14 11 P*(xR1a,R1b) 1
GMI_073 14-14-31-23-11-13-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_082 15-12-28-24-11-13-13-12-14 14 12 P*(xR1a,R1b) 1
GMI_099 15-13-29-23-11-13-13-11-14 14 11 P*(xR1a,R1b) 1
GMI_101 15-13-29-24-11-13-12-11-14 14 11 P*(xR1a,R1b) 1
GMI_102 15-13-29-24-11-13-14-11-14 14 11 P*(xR1a,R1b) 1
GMI_109 15-13-31-24-10-13-12-12-14 14 12 P*(xR1a,R1b) 1
GMI_121 16-13-30-24-10-11-13-11-14 11 14 R1a* 1
GMI_133 16-14-31-25-11-11-13-11-14 11 14 R1a* 1
GMI_095 15-13-27-25-10-11-13-11-14 11 14 R1a1 1
GMI_103 15-13-29-25-10-11-13-11-15 11 15 R1a1 1
GMI_104 15-13-30-24-10-11-13-12-14 12 14 R1a1 1
GMI_105 15-13-30-26-10-10-13-11-14 11 14 R1a1 1
GMI_106 15-13-30-26-11-11-13-11-14 11 14 R1a1 1
GMI_111 15-13-31-25-10-11-13-11-14 11 14 R1a1 1
GMI_120 16-13-29-25-10-11-13-11-14 11 14 R1a1 1
GMI_122 16-13-30-24-11-11-13-10-14 10 14 R1a1 1
GMI_123 16-13-30-24-11-11-13-11-15 11 15 R1a1 1
GMI_129 16-13-32-25-11-11-13-11-14 11 14 R1a1 1
GMI_130 16-14-30-24-11-11-13-11-14 11 14 R1a1 1
GMI_131 16-14-30-25-11-11-13-11-14 11 14 R1a1 1
GMI_132 16-14-30-26-11-11-13-10-14 10 14 R1a1 1
GMI_050 14-13-29-24-11-13-12-11-14 14 11 R1b 1
Total 133

Sample Minimal haplotype DYS385a DYS385b Y-SNP hg n



between 22 different phenotypes (H=0.942±0.012) whereas
the separate analysis of the two alleles allowed the differ-
entiation of 26 haplotypes (H=0.950±0.010). In haplo-
groups E and F*(xK), the four phenotypes 13-14a, 13-15a,
14-15a and 16-17a that comprised complementary haplo-
types (e.g. 13-14 and 14-13) accounted for 31.9% of all
samples belonging to these two clades. The STRs with the
highest gene diversities in EF*(xK) were DYS385b (0.867)
and DYS385a (0.791) followed by DYS389II (0.758).

Haplogroup K, which is characterized by the derived
state of M9, contained almost 50% of all samples in our
study but only 6 out of the 27 different DYS385 pheno-
types found. All samples had either the phenotype 11-14a
(population frequency 34.6%) or one of its direct neigh-
bours (Fig. 1). The gene diversity of the DYS385 pheno-
types found in haplogroup K was only 0.471±0.073. The
occurrence of phenotype 11-14a and its direct neighbours
was restricted to clade K with the exception of a single

sample assigned to haplogroup F*(xK) that exhibited the
DYS385 phenotype/haplotype 12-14 (Fig. 1, Table 3).

By means of the separate analysis of both DYS385 al-
leles of the Y-chromosomes attributed to haplogroup K,
the modal phenotype 11-14a was split into the 2 comple-
mentary haplotypes 14-11 and 11-14 which have popula-
tion frequencies of 23.3% and 11.3%, respectively. The
DYS385 haplotypes 14-11 and 11-14 plus their direct
neighbours accounted for 100% of all haplotypes found in
clades K*(xN3,R1a) and R1a, respectively (Fig. 1). The
single sample that belonged to haplogroup N3 had the
DYS385 haplotype 11-14. Independent of the selected
amplification strategy, the diversities of the combined
DYS385 alleles in haplogroups K*(xN3,R1a) and R1a
were 0.482±0.083 and 0.456±0.132, respectively (Fig. 2).
However, with the locus-specific approach the gene diver-
sity of the combined copies of DYS385 in haplogroup K
increased from 0.471±0.073 to a value of 0.704±0.047
(Fig. 2). This was the largest gain in discrimination power
due to the separate analysis of DYS385a and b we ob-
served in our data set. The most informative marker in
haplogroup K was DYS390 followed by DYS389II and
DYS385a with gene diversities of 0.709, 0.675 and 0.642,
respectively. Within the subclades K*(xN3,R1a) and R1a
the gene diversities of DYS385a were 0.382 and 0.292
and for DYS385b they were 0.206 and 0.199, respectively
(Table 2).

Both the conventional and the locus-specific strategy for
the amplification of DYS385 in combination with the other
Y-STRs of the minHT gave identical gene diversities in all
Y-SNP haplogroups (Fig. 2). With both PCR approaches
we were able to differentiate between 109 haplotypes
(H=0.995±0.002) in our data set comprising 133 samples.
Therefore, the separate analysis of DYS385a and b – in
the context of the minimal haplotype – had no detectable
effect on the differentiation of paternal lineages in our
population sample.

Discussion

The observed variation of Y-chromosomal markers resid-
ing in the MSY is based on the number of different pater-
nal lineages and their relative frequencies in a particular
population sample. Therefore, information about the Y-SNP
haplogroup structure is desirable when the results of pop-
ulation studies using (novel) Y-STRs are to be compared
or conclusions for other populations have to be extra-
polated from a given data set. Kittler et al. (2003) reported
that the diversity of DYS385a and b depends strongly on
the Y-SNP haplogroup structure. Furthermore, they stated
that the simultaneous amplification of both DYS385 alle-
les leads to a population structure-dependent number of
erroneous allele to locus assignments. Moreover, this would
be deleterious in forensic applications and could be avoided
by the separate analysis of both DYS385 alleles. In order
to assess the forensic relevance of the locus-specific
DYS385 PCR protocol and to compare our results with
data from the literature, we typed, in addition to the 
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Fig. 2 Schematic representation of the Y-SNP haplogroup topol-
ogy, nucleotide states of haplogroup-defining markers and bar
graphs depicting the gene diversities of DYS385 alone (DYS385)
or the minimal haplotype including DYS385 (minHT) in the dif-
ferent clades. The DYS385 alleles were either amplified simulta-
neously (conventional PCR protocol; ab) or separately (locus-spe-
cific PCR protocol; a-b). Please note that the Y-SNP M207 was
not typed in this study



Y-STR markers of the minHT, a set of Y-SNPs to gain in-
formation about the haplogroup structure of our Austrian
population sample.

The separate analysis of DYS385a and b, in order to
discriminate between different paternal lineages that are
characterized by non-unique “heterozygous” DYS385
phenotypes, is particularly beneficial when the proportion
of complementary DYS385 haplotypes with similar fre-
quencies in the data set is high. This becomes obvious
when haplogroups K and EF*(xK) are compared. These
clades can be seen as models for hypothetical populations
with (a) a low DYS385 diversity and a high proportion of
phenotypes comprising complementary haplotypes (haplo-
group K), (b) a low diversity and a complete lack of com-
plementary DYS385 haplotypes [clades K*(xN3,R1a) and
R1a] and (c) a high diversity at the two DYS385 loci and
a low to medium amount of DYS385 phenotypes that can
be resolved into complementary haplotypes by means of
the locus-specific analysis [EF*(xK)].

The locus-discriminating approach revealed that clade
K comprised solely the complementary haplotypes 11-14
and 14-11 plus their direct neighbours, which were, in ac-
cordance with the findings of Kittler et al. (2003), perfectly
associated with the subclades R1a and K*(xN3,R1a), re-
spectively (Fig. 1). The only Y-chromosome that showed
the DYS385 haplotype 11-14 outside of clade R1a was at-
tributed to the single sample belonging to haplogroup N3.
The ratio of the population frequencies of the comple-
mentary haplotypes 14-11 and 11-14 was roughly 2:1 and
the separate analysis of both DYS385 alleles resulted in a
pronounced increase in the observed diversity of this
marker in haplogroup K (Fig. 2, Table 2). However, within
its subclades K*(xN3,R1a) and R1a, the locus-discrimi-
nating approach did not improve the power of discrimina-
tion of DYS385 due to the complete lack of complemen-
tary haplotype pairs. This is worth mentioning as the geo-
graphical distributions of the haplogroups P*(xR1a) – a
subclade of K*(xN3,R1a) – and R1a are strongly clinal in
Europe. According to Rosser et al. (2000), haplogroup
P*(xR1a) reaches its highest population frequencies in the
north-western part of Europe (98.5% in the west of Ire-
land) and R1a accounts for approximately 50% of all 
Y-chromosomes found in central eastern Europe. Kittler
et al. (2003) reported population frequencies of 65.3% for
P*(xR1a) and 0% for R1a in Spain, whereas the respec-
tive values found in a sample set from Poland were 12.8%
and 61.7%. In Germany and Austria, these two hap-
logroups comprised 65.7% [P*(xR1a)/R1a: ~1:1; Kittler
et al. 2003] and 46.6% [P*(xR1a)/R1a: ~2:1; this study]
of the Y-chromosomes analyzed. Consequently, the in-
crease in the discrimination power of DYS385 due to the
resolution of the modal phenotype 11-14a (plus its direct
neighbours) into the haplotypes 14-11 and 11-14 and their
direct neighbours is expected to be rather low in eastern
and western Europe and to be largest in central Europe
(e.g. Germany and Austria).

The concatenated haplogroups E and F*(xK) contained
complementary DYS385 haplotypes to an extent that was
well below that found in haplogroup K (Fig. 1, Table 3).

Hence, the separate analysis of the two DYS385 alleles
resulted only in a minor increase of the gene diversity
(Fig. 2).

From the forensic viewpoint the statement in Kittler et
al. (2003) “... the amount of incorrect allele-locus assign-
ment for DYS385 when analysed simultaneously follow-
ing the conventional DYS385 PCR protocol strongly de-
pends on the population investigated and their hg1:hg3
proportion.” needs clarification. According to the ISFG
recommendations on Y-STR analysis (Gill et al. 2001; “al-
lele nomenclature, F: duplicated systems such as DYS385
where the observed fragments cannot be assigned un-
equivocally to a defined genetic locus have to be treated as
genotypes and the alleles should be separated by hyphen,
e.g. DYS385* 11-14”) the DYS385 phenotypes obtained
with the conventional PCR protocol cannot be regarded as
incorrect since this convention – contrary to the statement
in Kittler et al. (2003) – does not assign the shorter allele
to DYS385a and the longer allele to DYS385b. Therefore,
only a loss of information results from the simultaneous
amplification of DYS385a and b, but no population struc-
ture-dependent incorrect allele-locus assignments (allegedly
ranging from ~13% in Poland up to ~65% in Spain; Kittler
et al. 2003) are made.

In forensic applications, DYS385 is rather analyzed in
combination with other Y-STRs than alone. Together with
seven other markers, DYS385 forms the core set of Y-STR
systems included in the YHRD, which comprises with
more than 13,000 European and approximately 20,300 hap-
lotypes worldwide, the largest collection of Y-chromoso-
mal STR profiles to date (December 2003). Despite the
marked increase in the observed DYS385 diversity in a
major haplogroup comprising almost 50% of our samples
when the locus-specific approach was used instead of the
conventional protocol, the separate analysis of DYS385a
and b showed no effect on the differentiation of paternal
lineages across all haplogroups when DYS385 was ana-
lyzed in combination with the other core loci. Thus, the
additional information obtained with the locus-specific
amplification of the two DYS385 copies becomes redun-
dant in the context of the minimal haplotype. Therefore,
to increase the power of discrimination of the minHT the
addition of novel Y-STR markers is clearly superior to the
separate analysis of the two DYS385 copies. On the other
hand, this demonstrates the insensitivity of the minHT to
the loss of information that is associated with the conven-
tional analysis of DYS385, even when large population
structure-related differences in the observed DYS385 di-
versities between the two amplification strategies exist.
This is of particular importance as the YHRD contains
DYS385 data only on the phenotype level.

The major limitation for the general use of the separate
amplification of DYS385 alleles in forensic casework re-
sults from the large fragment lengths (700–780 bp) ob-
tained in the first round of PCR amplification. Samples
containing degraded DNA, such as the major portion of
casework samples, are likely to yield an insufficient amount
of PCR product for downstream analysis. The conven-
tional protocol requires only template molecules with
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fragment lengths of about 250–300 bp and is therefore
considered superior to the separate amplification of the
two DYS385 alleles in terms of sensitivity. Furthermore,
the nested PCR protocol that has to be followed for the lo-
cus-discriminating approach is not suitable for PCR-mul-
tiplexing and results in an increased risk of carry-over
contamination and sample mix-up due to the extra manip-
ulation steps that are associated with the re-amplification
step.

Taking together all the points mentioned above, the con-
ventional PCR protocol for the amplification of DYS385
remains the better choice for routine applications in foren-
sics.
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