
Abstract The Y-specific STR loci DYS19, DYS385,
DYS389I, DYS389II, DYS390, DYS391, DYS392,
DYS393, DYS434, DYS437, DYS438, DYS439 and
GATA A10 were studied in a northern Portuguese popula-
tion. Haplotype and allele frequencies of these 14 Y-chro-
mosome STRs were estimated. In a sample of 212 indi-
viduals it was possible to define 196 different haplotypes
of which 182 were found only once, 12 were found in 
2 samples and the 2 most frequent haplotypes were shared
by only 3 individuals. The observed haplotype diversity
value was 0.9992. The usefulness of the inclusion of each
of these new markers for forensic purposes is discussed
by comparing expected and observed increases in haplo-
type diversity. When combining the new markers
(DYS434, DYS437, DYS438, DYS439 and GATA A10)
with the classical set (DYS19, DYS385, DYS389I,
DYS389II, DYS390, DYS391, DYS392 and DYS393) a
0.68% increase in haplotype diversity was obtained and
the number of different haplotypes rose from 157 to 196.
When DYS434 was not considered the haplotype diver-
sity was not affected.
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Introduction

The use of Y-chromosome-specific STRs in population
and forensic genetics has proved to be a very important

tool in answering some specific questions (de Knijff et al.
1997; Jobling et al. 1997; Kayser et al. 1997a). In the
forensic field these markers are especially helpful in defi-
cient paternities and in rape cases (Prinz et al. 1997;
Honda et al. 1999; Dekairelle and Hoste 2001; Corach et
al. 2001).

With the increased use of these markers a high number
of population databases have been produced (Roewer et
al. 2001). The development of these databases is impor-
tant not only for haplotype frequency estimation and di-
rect application for match probability calculations in fo-
rensic studies but also to perform comparative population
analysis (Roewer et al. 2000).

The Y-STR haplotype reference database is the most
extensive survey on European populations available (in-
ternet site at http://ystr.charite.de). More recently, a sec-
ond database has been generated including 28 regional
U.S. population samples (Y-STR haplotype reference
database for U.S. populations at http://ystr.org/usa).

These databases are very important for forensic users
since it is well known that there are difficulties in the cre-
ation of large databases for the Y-linked markers, because
the whole haplotype must be typed for each sample.

The choice of the STR core systems included in the 
Y-STR haplotype reference database of the international
forensic Y-user group was made based on a restricted set
of STRs (the ones that had been described at that time,
well characterised and forensically validated; Kayser et al.
1997b). Later, more Y-STRs were described and used in
the forensic field (White et al. 1999; Ayub et al. 2000;
Hou et al. 2001; Gusmão et al. 2001a; González-Neira et
al. 2001; Iida et al. 2001a, 2001b). According to Ayub et
al. (2000) there are more than 150 Y-STR loci that may
also be useful.

The addition of new Y-STRs to the previous set will al-
low an increase in the haplotype diversity value and con-
sequently a higher power of discrimination. However, in
routine forensic laboratory investigations this implies the
need for re-constructing haplotypic databases (Pascali et
al. 1998) as well as the development of new PCR multi-
plex strategies. For these reasons, it is important to quan-
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titatively know the extra information obtained when fur-
ther markers are added to a previously defined set.

Since Y-STRs do not recombine, it is difficult to eval-
uate the potential information of a new STR just by the
determination of the degree of polymorphism. Indeed, due
to allelic association across loci, some STRs, although in-
dividually very polymorphic, may prove not to signifi-
cantly increase the haplotype diversity previously ob-
tained with core loci.

The aim of this work was to construct haplotypes in-
cluding the nine STR loci, corresponding to the minimal
haplotype of the Y-STR haplotype reference databases,
plus 5 additional markers (DYS434, DYS437, DYS438,

DYS439 and GATA A10), in order to evaluate the useful-
ness of their inclusion in forensic routine investigations.

Materials and methods

DNA samples

A sample of 212 unrelated healthy blood donors was selected from
the north Portuguese population. Genomic DNA was extracted as
described by Valverde et al. (1993).

140

DYS385
Haplotype N Frequency(± s.d.)
10–13 2 0.009 ± 0.007
10–14 2 0.009 ± 0.007
10–15 1 0.005 ± 0.005
11–11 1 0.005 ± 0.005
11–12 2 0.009 ± 0.007
11–13 7 0.033 ± 0.012
11–14 81 0.382 ± 0.033
11–15 15 0.071 ± 0.018
11–16 3 0.014 ± 0.008
12–12 3 0.014 ± 0.008
12–13 3 0.014 ± 0.008
12–14 16 0.075 ± 0.018
12–16 3 0.014 ± 0.008
13–13 2 0.009 ± 0.007
13–14 11 0.052 ± 0.015
13–15 7 0.033 ± 0.012
13–16 6 0.028 ± 0.011
13–17 4 0.019 ± 0.009
13–18 3 0.014 ± 0.008
13–19 1 0.005 ± 0.005
13–21 1 0.005 ± 0.005
14–14 9 0.042 ± 0.014
14–15 7 0.033 ± 0.012
14–16 1 0.005 ± 0.005
14–17 1 0.005 ± 0.005
14–18 2 0.009 ± 0.007
14–19 1 0.005 ± 0.005
15–15 5 0.024 ± 0.010
15–16 2 0.009 ± 0.007
16–16 2 0.009 ± 0.007
16–18 1 0.005 ± 0.005
16–19 1 0.005 ± 0.005
17–17 2 0.009 ± 0.007
17–19 1 0.005 ± 0.005
17–20 1 0.005 ± 0.005
19–19 1 0.005 ± 0.005
12.2–14 1 0.005 ± 0.005

DYS19
Allele N Frequency (± s.d.)
13 21 0.099 ± 0.021
14 129 0.608 ± 0.034
15 50 0.236 ± 0.029
16 11 0.052 ± 0.015
17 1 0.005 ± 0.005
– – –

DYS389II
Allele N Frequency (± s.d.)
13 1 0.005 ± 0.005
15 14 0.066 ± 0.017
16 139 0.656 ± 0.033
17 45 0.212 ± 0.028
18 12 0.057 ± 0.016
19 1 0.005 ± 0.005
DYS391
Allele N Frequency (± s.d.)
08 1 0.005 ± 0.005
09 11 0.052 ± 0.015
10 103 0.486 ± 0.034
11 95 0.448 ± 0.034
12 2 0.009 ± 0.007
DYS393
Allele N Freqency (± s.d.)
12 36 0.170 ± 0.026
13 149 0.703 ± 0.031
14 23 0.108 ± 0.021
15 4 0.019 ± 0.009
DYS437
Allele N Frequency (± s.d.)
14 67 0.316 ± 0.032
15 118 0.557 ± 0.034
16 27 0.127 ± 0.023
– – –
– – –

DYS439
Allele N Frequency (± s.d.)
9 2 0.009 ± 0.007

10 23 0.108 ± 0.021
11 80 0.377 ± 0.033
12 83 0.392 ± 0.034
13 23 0.108 ± 0.021
14 1 0.005 ± 0.005

DYS389I
Allele N Frequency (± s.d.)
10 1 0.005 ± 0.005
11 2 0.009 ± 0.007
12 40 0.189 ± 0.027
13 126 0.594 ± 0.034
14 40 0.189 ± 0.027
15 3 0.014 ± 0.008
DYS390
Allele N Frequency (± s.d.)
21 5 0.024 ± 0.010
22 11 0.052 ± 0.015
23 45 0.212 ± 0.028
24 127 0.599 ± 0.034
25 23 0.108 ± 0.021
26 1 0.005 ± 0.005
DYS392
Allele N Frequency (± s.d.)
11 71 0.335 ± 0.032
12 10 0.047 ± 0.015
13 118 0.557 ± 0.034
14 11 0.052 ± 0.015
15 2 0.009 ± 0.007
DYS434
Allele N Freqency (± s.d.)
8 2 0.009 ± 0.007
9 207 0.976 ± 0.010
10 3 0.014 ± 0.008
– – –
DYS438
Allele N Frequency (± s.d.)
9 26 0.123 ± 0.023
10 52 0.245 ± 0.030
11 8 0.038 ± 0.013
12 120 0.566 ± 0.034
13 6 0.028 ± 0.011
GATA A10
Allele N Frequency (± s.d.)
13 9 0.042 ± 0.014
14 62 0.292 ± 0.031
15 109 0.514 ± 0.034
16 28 0.132 ± 0.023
17 3 0.014 ± 0.008
18 1 0.005 ± 0.005

Table 1 Allele frequencies at 14 Y-STRs in a northern Portuguese population (212 individuals)



PCR amplification

Amplification was performed in four PCR reactions. DYS19,
DYS389I and II, DYS390 and DYS393 were amplified in a penta-
plex reaction as described by Gusmão et al. (1999). DYS391,
DYS434, DYS437 and DYS439 were amplified in a PCR tetraplex
reaction with 5 ng genomic DNA in a 12.5 µl reaction volume
comprising 1.5 mM MgCl2, 1 × buffer, 0.5 U Taq Gold polymerase
(PE), 200 µM of each dNTP, 0.08 µM of DYS391 and DYS434
primers, 0.06 µM of DYS437 primers and 0.3 µM of DYS439
primers. A 95°C pre-incubation step of 11 min was followed by 
30 cycles at 94°C denaturation for 30 s, annealing at 60°C for 
30 s, extension at 70°C for 45 s and a 20 min final extension at 
60°C. Primer senquences were those described by Ayub et al.
(2000) for DYS434, DYS437 and DYS439 and for DYS391 those
described by Gusmão et al. (2000).

DYS385, DYS438 and GATA A10 were amplified in a triplex
reaction in a 12.5 µl reaction volume comprising 1.5 mM MgCl2,
1 × buffer, 0.5 U Taq Gold polymerase (Perkin Elmer), 200 µM of
each dNTP, 0.24 µM of DYS385 primers, 0.3 µM of DYS438
primers and 0.12 µM of GATA A10 primers. A 95°C pre-incuba-
tion step of 11 min was followed by 10 cycles at 94°C denatura-
tion for 30 s, annealing at 62°C for 30 s, extension at 72°C for 
30 s and 20 cycles of 94°C denaturation for 30 s, annealing at 60°C
for 30 s, extension at 72°C for 30 s with 20 min final extension at
60°C. DYS385 was amplified with the primers described by
Schneider et al. (1998), DYS438 with those described by Ayub et
al. (2000) and GATA A10 with those in White et al. (1999).

DYS392 was amplified in a singleplex reaction in a 12.5 µl re-
action volume comprising 1.5 mM MgCl2, 1 × buffer, 0.5 U Taq
DNA polymerase recombinant (MBI Fermentas), 200 µM each
dNTP and 0.2 µM of each primer. Amplifications were performed
for 30 cycles of 30 s at 94°C, 30 s at 58°C and 1 min at 72°C. The
primers used were those in the Human Genome Data Base (Locus
GDB-ID G00–456–509).

Detection system

For genetic typing, ABI310 and ABI377 automatic sequencers
(Perkin-Elmer) along with the Genescan 2.1 analysis software
were used.

Allele designations were based on comparison with the allelic
ladders obtained by the mixture of previously sequenced samples
for the most common alleles. The allele nomenclature was as pro-
posed by Kayser et al. (1997a) with the exception of the DYS389I
where three monomorphic repeats were added (according to the
nomenclature in the Y-STR haplotype reference databases) and
DYS389II where alleles were named by subtracting the DYS389I
stretch from the total number of repeats. DYS434, DYS437,
DYS438 and DYS439 alleles were named according to Gusmão et
al. (2001a) and GATA A10 as (TCCA)2(TATC)n according to
Gusmão et al. (2001b).

Statistical analysis

Allele and haplotype frequencies were estimated by gene or haplo-
type counting and observed gene and haplotype diversities were
estimated according to Nei (1987). We defined expected haplotype
diversity as the theoretical value calculated assuming no associa-
tion between each of the alleles at a specific locus and the previ-
ously defined core loci haplotypes.

Population differentiation was tested by a Markov test using
the Arlequin software ver. 2000 (Schneider et al. 2000).

Results and discussion

Single locus analysis

Allele frequencies at each STR locus are shown in Table 1.
A smaller sample from the same northern Portuguese pop-
ulation was previously studied for DYS19, DYS389I 
and II, DYS390, DYS391, DYS392, DYS393, DYS434,
DYS437, DYS438 and DYS439 loci (González-Neira 
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Fig.1 Gene diversities and allele numbers for the 14 Y-STR set
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Table 2 Y chromosome haplotypes in 212 individuals from a northern Portuguese population (the nomenclature for DYS389II in paren-
thesis is in accordance with the Y-STR haplotype reference databases)

Haplo- N DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS GATA 
type 19 389I 389II 390 391 392 393 385 434 437 438 439 A10

H1 1 13 12 17 (29) 24 10 11 13 16/16 9 14 10 13 14
H2 2 13 12 17 (29) 24 10 11 13 17/17 9 14 10 10 15
H3 1 13 12 17 (29) 24 10 11 13 19/19 9 14 10 10 15
H4 1 13 13 16 (29) 24 9 11 13 13/13 9 14 10 11 14
H5 2 13 13 16 (29) 24 9 11 13 13/14 9 14 10 10 14
H6 1 13 13 16 (29) 24 9 11 13 13/14 9 14 10 11 14
H7 1 13 13 16 (29) 24 11 13 12 11/15 9 15 12 12 16
H8 1 13 13 16 (29) 25 9 11 13 13/14 9 14 10 10 15
H9 1 13 13 17 (30) 24 10 11 12 16/19 9 14 10 12 15
H10 1 13 13 17 (30) 25 10 11 13 14/18 10 14 10 13 14
H11 1 13 13 18 (31) 23 10 11 13 16/16 9 14 10 12 15
H12 1 13 13 18 (31) 24 10 11 13 16/18 9 14 10 11 13
H13 2 13 14 16 (30) 24 9 11 13 13/14 9 14 10 10 14
H14 1 13 14 16 (30) 24 9 11 13 14/14 9 14 10 10 14
H15 1 13 14 16 (30) 24 9 11 13 14/14 9 14 10 11 14
H16 1 13 14 16 (30) 24 11 11 12 13/18 9 16 9 13 14
H17 1 13 15 16 (31) 24 9 11 13 13/14 9 14 10 10 14
H18 1 13 15 16 (31) 25 11 13 13 12/14 9 15 12 12 15
H19 1 14 10 16 (26) 24 11 14 13 12/14 9 15 12 12 16
H20 1 14 11 15 (26) 24 11 13 13 11/14 9 15 12 13 14
H21 1 14 12 16 (28) 22 10 11 13 13/14 9 16 10 11 15
H22 1 14 12 16 (28) 22 10 11 13 13/15 9 16 10 11 15
H23 1 14 12 16 (28) 22 10 11 13 14/14 9 16 10 11 16
H24 1 14 12 16 (28) 23 10 11 13 13/15 9 16 10 11 15
H25 1 14 12 16 (28) 23 10 13 13 12/14 9 15 12 12 15
H26 1 14 12 16 (28) 24 10 13 13 10/14 9 14 12 13 15
H27 1 14 12 16 (28) 24 10 13 13 12/14 9 15 12 12 15
H28 1 14 12 16 (28) 24 11 11 13 13/16 9 16 10 11 15
H29 1 14 12 16 (28) 24 11 13 13 11/14 9 15 12 13 16
H30 1 14 12 16 (28) 24 11 13 13 11/15 9 15 12 12 15
H31 1 14 12 16 (28) 25 10 12 13 11/14 9 15 12 11 15
H32 1 14 12 16 (28) 25 11 13 13 11/14 9 15 12 12 14
H33 1 14 12 16 (28) 25 11 13 13 11/14 9 15 12 13 15
H34 1 14 12 18 (30) 24 11 13 13 11/14 9 14 12 11 13
H35 1 14 13 13 (26) 23 10 13 13 13/16 9 14 9 11 14
H36 1 14 13 15 (28) 23 10 13 13 10/13 9 15 12 11 14
H37 1 14 13 15 (28) 23 10 13 13 11/14 9 15 12 11 15
H38 1 14 13 15 (28) 24 10 13 13 11/14 9 15 12 14 15
H39 1 14 13 15 (28) 24 10 13 13 12/14 9 15 13 11 15
H40 1 14 13 15 (28) 24 11 13 13 11/13 9 15 12 12 15
H41 1 14 13 15 (28) 25 10 13 13 12/14 9 15 12 11 15
H42 1 14 13 15 (28) 25 11 13 13 11/14 9 15 12 11 15
H43 1 14 13 15 (28) 26 11 13 12 11/14 9 15 12 12 14
H44 1 14 13 16 (29) 23 10 11 12 14/16 9 14 9 10 15
H45 1 14 13 16 (29) 23 10 13 13 11/15 9 15 12 11 15
H46 2 14 13 16 (29) 23 10 13 13 13/15 9 14 9 11 14
H47 1 14 13 16 (29) 23 11 13 13 11/13 9 15 12 13 15
H48 1 14 13 16 (29) 23 11 13 13 11/14 8 15 12 12 14
H49 1 14 13 16 (29) 23 11 13 13 11/14 9 14 12 11 16
H50 1 14 13 16 (29) 23 11 13 13 11/14 9 14 12 12 15
H51 1 14 13 16 (29) 23 11 13 13 11/14 9 15 12 11 15
H52 1 14 13 16 (29) 23 11 13 13 11/14 9 15 12 12 14
H53 1 14 13 16 (29) 23 11 13 13 11/14 9 15 12 12 15
H54 1 14 13 16 (29) 23 11 13 13 11/14 9 15 13 12 14
H55 1 14 13 16 (29) 23 11 13 13 11/14 10 15 12 11 15
H56 1 14 13 16 (29) 23 11 13 13 12/14 9 16 12 11 15
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H57 1 14 13 16 (29) 23 11 14 13 11/14 9 14 12 10 14
H58 1 14 13 16 (29) 24 10 13 12 11/14 9 15 12 11 16
H59 1 14 13 16 (29) 24 10 13 13 10/14 9 15 12 12 15
H60 2 14 13 16 (29) 24 10 13 13 11/14 9 14 12 11 15
H61 1 14 13 16 (29) 24 10 13 13 11/14 9 14 12 12 16
H62 1 14 13 16 (29) 24 10 13 13 11/14 9 15 12 11 15
H63 1 14 13 16 (29) 24 10 13 13 11/14 9 15 12 12 14
H64 1 14 13 16 (29) 24 10 13 13 11/14 9 15 12 12 15
H65 1 14 13 16 (29) 24 10 13 13 11/15 9 15 12 12 15
H66 2 14 13 16 (29) 24 10 13 13 12/14 9 15 12 12 14
H67 1 14 13 16 (29) 24 10 13 13 12/14 10 14 12 12 14
H68 1 14 13 16 (29) 24 10 13 14 11/14 9 16 12 12 15
H69 1 14 13 16 (29) 24 10 13 14 11/14 9 16 12 13 15
H70 1 14 13 16 (29) 24 10 14 13 11/14 9 15 12 11 15
H71 1 14 13 16 (29) 24 11 12 13 11/14 9 15 12 12 16
H72 2 14 13 16 (29) 24 11 13 12 11/14 9 15 12 12 15
H73 1 14 13 16 (29) 24 11 13 12 11/15 9 15 12 10 14
H74 1 14 13 16 (29) 24 11 13 12 11/15 9 15 12 12 16
H75 1 14 13 16 (29) 24 11 13 13 11/13 9 14 12 11 15
H76 1 14 13 16 (29) 24 11 13 13 11/14 9 14 12 12 14
H77 2 14 13 16 (29) 24 11 13 13 11/14 9 14 12 12 15
H78 1 14 13 16 (29) 24 11 13 13 11/14 9 15 10 12 15
H79 1 14 13 16 (29) 24 11 13 13 11/14 9 15 12 9 15
H80 2 14 13 16 (29) 24 11 13 13 11/14 9 15 12 11 15
H81 2 14 13 16 (29) 24 11 13 13 11/14 9 15 12 11 16
H82 1 14 13 16 (29) 24 11 13 13 11/14 9 15 12 12 14
H83 1 14 13 16 (29) 24 11 13 13 11/14 9 15 12 12 16
H84 1 14 13 16 (29) 24 11 13 13 11/14 9 15 12 13 14
H85 1 14 13 16 (29) 24 11 13 13 11/14 9 15 12 13 15
H86 1 14 13 16 (29) 24 11 13 13 12/12 9 14 12 11 15
H87 1 14 13 16 (29) 24 11 13 13 12/14 9 14 11 11 14
H88 1 14 13 16 (29) 24 11 13 13 12/14 9 15 12 12 14
H89 1 14 13 16 (29) 24 11 13 13 12/14 9 15 13 13 14
H90 1 14 13 16 (29) 24 11 13 14 11/13 9 15 12 12 14
H91 1 14 13 16 (29) 24 11 13 14 11/14 9 15 12 11 15
H92 1 14 13 16 (29) 24 11 14 13 11/14 9 14 12 11 14
H93 1 14 13 16 (29) 25 10 11 12 12/13 9 15 9 11 15
H94 1 14 13 16 (29) 25 10 13 14 11/14 9 15 12 11 15
H95 1 14 13 16 (29) 25 10 14 13 11/14 9 15 12 13 14
H96 1 14 13 16 (29) 25 11 13 13 11/13 9 15 12 12 15
H97 1 14 13 16 (29) 25 11 13 13 11/14 9 15 12 12 14
H98 1 14 13 16 (29) 25 12 13 13 11/12 9 14 12 12 15
H99 1 14 13 17 (30) 23 8 11 13 13/14 9 14 10 10 14
H100 1 14 13 17 (30) 23 10 11 12 13/18 9 14 10 12 15
H101 1 14 13 17 (30) 23 10 13 13 11/15 9 15 12 11 15
H102 1 14 13 17 (30) 24 10 11 12 14/15 9 15 9 12 15
H103 1 14 13 17 (30) 24 10 13 13 10/13 9 15 12 11 16
H104 1 14 13 17 (30) 24 10 13 13 11/14 9 15 12 12 15
H105 1 14 13 17 (30) 24 11 13 13 11/12 9 15 12 11 15
H106 1 14 13 17 (30) 24 11 13 13 11/15 9 14 12 12 15
H107 1 14 13 17 (30) 24 11 14 13 12/14 9 15 12 12 15
H108 1 14 13 17 (30) 24 12 11 12 13/19 9 14 10 10 16
H109 1 14 13 17 (30) 25 11 14 13 11/14 9 14 12 12 15
H110 1 14 13 18 (31) 24 10 11 13 17/20 9 14 10 12 15
H111 1 14 13 18 (31) 24 10 13 13 11/14 9 15 12 12 15
H112 1 14 13 18 (31) 25 10 11 12 14/14 9 14 10 11 15
H113 1 14 14 15 (29) 24 10 14 12 12.2/14 9 15 12 13 15

Table 2 (continued)

Haplo- N DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS GATA 
type 19 389I 389II 390 391 392 393 385 434 437 438 439 A10
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H114 1 14 14 16 (30) 23 10 11 12 13/13 9 14 10 11 14
H115 1 14 14 16 (30) 23 10 15 12 17/19 9 16 10 11 14
H116 1 14 14 16 (30) 24 10 13 13 11/15 9 14 12 11 14
H117 1 14 14 16 (30) 24 11 13 13 11/14 9 14 12 12 17
H118 1 14 14 16 (30) 24 11 13 13 11/14 9 15 11 13 13
H119 1 14 14 16 (30) 24 11 13 13 11/14 9 15 12 11 14
H120 1 14 14 16 (30) 24 11 13 13 11/14 9 15 12 11 15
H121 2 14 14 16 (30) 24 11 13 13 11/14 9 15 12 12 15
H122 3 14 14 16 (30) 24 11 13 13 11/15 9 15 12 12 15
H123 1 14 14 16 (30) 24 11 13 13 12/14 9 15 12 12 15
H124 1 14 14 16 (30) 24 11 13 14 11/14 9 15 12 12 15
H125 1 14 14 16 (30) 25 10 11 12 14/18 9 14 10 11 14
H126 1 14 14 16 (30) 25 10 13 13 11/14 8 15 12 12 15
H127 1 14 14 16 (30) 25 10 13 13 11/14 9 15 13 13 16
H128 1 14 14 16 (30) 25 10 14 13 11/14 9 15 12 13 14
H129 1 14 14 17 (31) 23 10 11 12 14/15 9 14 10 11 16
H130 1 14 14 17 (31) 23 10 11 13 14/15 9 14 9 11 15
H131 1 14 14 17 (31) 24 10 13 13 15/16 9 14 9 11 13
H132 3 14 14 17 (31) 24 11 13 13 11/14 9 15 12 12 15
H133 1 14 14 18 (32) 23 10 11 12 12/13 9 14 12 12 15
H134 1 14 14 18 (32) 23 10 11 13 14/15 9 14 9 12 14
H135 1 14 15 15 (30) 24 11 13 13 11/14 9 15 12 12 14
H136 1 15 11 15 (26) 24 10 13 14 10/15 9 15 12 12 15
H137 1 15 12 15 (27) 24 10 14 13 13/16 9 14 9 11 15
H138 1 15 12 16 (28) 21 10 11 14 13/15 9 16 11 11 13
H139 1 15 12 16 (28) 21 10 11 14 15/15 9 16 10 12 15
H140 1 15 12 16 (28) 21 10 11 15 13/15 9 15 10 11 15
H141 1 15 12 16 (28) 23 10 11 14 14/14 9 16 10 12 14
H142 1 15 12 16 (28) 24 10 11 12 13/17 9 16 9 12 14
H143 1 15 12 16 (28) 24 10 11 13 13/17 9 16 9 11 14
H144 1 15 12 16 (28) 24 10 11 13 14/17 9 16 9 11 14
H145 1 15 12 17 (29) 21 10 11 13 14/15 9 16 10 11 15
H146 1 15 12 17 (29) 21 10 11 15 13/17 9 16 10 12 13
H147 2 15 12 17 (29) 22 10 11 14 15/15 9 16 10 12 15
H148 1 15 12 17 (29) 23 10 11 12 13/16 9 15 9 10 15
H149 1 15 12 17 (29) 23 10 12 14 13/15 9 15 10 9 14
H150 1 15 12 17 (29) 24 11 13 13 12/14 9 15 12 10 15
H151 1 15 12 17 (29) 25 11 11 13 11/14 9 15 12 13 15
H152 1 15 12 18 (30) 23 10 12 14 14/14 9 16 9 12 14
H153 1 15 12 18 (30) 24 10 12 14 13/16 9 16 10 11 15
H154 1 15 13 16 (29) 22 11 11 12 12/16 9 15 9 11 15
H155 1 15 13 16 (29) 22 11 13 13 11/14 9 15 12 13 15
H156 1 15 13 16 (29) 23 9 11 13 13/16 9 14 9 11 14
H157 1 15 13 16 (29) 23 10 11 12 13/21 9 15 9 11 16
H158 1 15 13 16 (29) 23 10 11 12 14/14 9 15 9 11 14
H159 1 15 13 16 (29) 23 11 13 12 11/14 9 15 12 12 15
H160 1 15 13 16 (29) 24 10 11 12 13/18 9 15 9 12 16
H161 1 15 13 16 (29) 24 10 12 14 11/14 9 15 12 11 15
H162 1 15 13 16 (29) 24 10 13 13 11/15 9 15 12 12 15
H163 1 15 13 16 (29) 24 10 13 13 11/15 9 15 12 12 16
H164 1 15 13 16 (29) 24 10 13 13 11/16 9 15 12 12 15
H165 1 15 13 16 (29) 24 11 11 12 14/19 9 15 9 12 15
H166 1 15 13 16 (29) 24 11 13 12 11/16 9 14 12 12 15
H167 1 15 13 16 (29) 24 11 13 13 11/13 9 14 12 11 15
H168 1 15 13 16 (29) 24 11 13 13 11/14 9 15 12 12 13
H169 1 15 13 16 (29) 24 11 13 13 11/14 9 15 12 12 14
H170 1 15 13 16 (29) 24 11 13 13 11/14 9 15 12 13 16

Table 2 (continued)

Haplo- N DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS GATA 
type 19 389I 389II 390 391 392 393 385 434 437 438 439 A10



et al. 2000; Gusmão et al. 2001 a). For most loci, the 
increase of sample size led to an increase of gene diversity
(Fig.1).

For the five new markers (DYS434, DYS437, DYS438,
DYS439 and GATA A10), gene diversity values are in the
same range as those found for the classical set or even
higher, with the exception of DYS434 (in accordance with
Gusmão et al. 2001a).

Comparing gene diversity and allele number for all 
14 Y-STRs, we can see that the average increase in gene
diversity correlates well with the increase in allele number
(Fig.1). However, this is not the case for DYS434 and
DYS437 which share the same number of aleles (3) but
have very different gene diversity values. Moreover,
DYS437 has a very high gene diversity value in the range
of the loci with five alleles.

Haplotype analysis

A list of the haplotypes is given in Table 2. In a sample of
212 individuals it was possible to define 196 different
haplotypes of which 182 were found only once, 12 were
shared by 2 individuals and the 2 most frequent haplo-
types were shared by only 3 individuals.

The observed haplotype diversity value was 0.9992
(Table 3). In the same sample, when combining the new
markers with the classical set (DYS19, DYS385, DYS389I,

DYS389II, DYS390, DYS391, DYS392 and DYS393) a
0.68% increase in haplotype diversity was obtained and
the number of different haplotypes rose from 157 to 196.

Forensic assessment

Due to allelic association across loci some STRs, al-
though individually very polymorphic, may prove to in-
significantly increase the haplotype diversity previously
obtained with core loci. In other words, due to the non-re-
combining nature of the chromosome region under analy-
sis it can happen that for an individually very informative
marker, its alleles are not able to discriminate more haplo-
types than those previously defined by the “core” loci,
and therefore this extra information becomes redundant.

The usefulness of the addition of each of the five new
markers to the previously defined nine loci set included in
the Y-STR haplotype reference databases was evaluated.

The haplotype diversity values were calculated adding
each of the five additional markers to the nine Y-STR core
loci (Table 3). All the markers contributed to an increase
in the number of different haplotypes.

DYS439 and GATA A10 allowed the discrimination of
a higher number of different haplotypes, with 175 haplo-
types being discriminated, compared with the 157 ob-
tained with the classical set. However, DYS439 led to a
higher haplotype diversity than GATA A10. The same
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H171 1 15 13 16 (29) 25 10 13 12 11/14 9 15 13 11 14
H172 1 15 13 17 (30) 22 11 11 13 14/14 9 16 10 12 14
H173 1 15 13 17 (30) 23 10 12 15 15/16 9 14 10 11 16
H174 1 15 13 17 (30) 23 11 11 12 12/16 9 15 9 13 13
H175 1 15 13 17 (30) 23 11 11 12 12/16 9 15 9 13 16
H176 1 15 13 17 (30) 24 10 11 12 13/17 9 14 10 11 14
H177 1 15 13 17 (30) 24 10 12 15 15/15 9 15 10 11 15
H178 1 15 13 17 (30) 24 11 13 13 11/13 9 14 12 12 14
H179 1 15 13 17 (30) 24 11 13 14 11/14 9 15 13 11 16
H180 1 15 14 16 (30) 24 10 14 12 11/15 9 15 12 11 15
H181 1 15 14 16 (30) 24 11 13 13 11/14 9 15 12 11 16
H182 1 15 14 16 (30) 24 11 13 13 11/14 9 15 12 12 15
H183 1 15 14 17 (31) 23 11 11 12 12/13 9 16 9 11 15
H184 1 15 14 17 (31) 24 10 15 13 11/16 9 15 12 13 15
H185 1 16 12 16 (28) 22 10 11 14 13/14 9 16 10 11 14
H186 1 16 12 16 (28) 22 10 11 14 14/15 9 16 11 11 13
H187 1 16 12 17 (29) 22 11 11 13 13/14 9 16 10 11 14
H188 1 16 12 17 (29) 24 10 12 14 14/14 9 15 10 10 16
H189 1 16 13 16 (29) 24 11 12 14 15/15 9 15 10 11 15
H190 1 16 13 18 (31) 24 10 11 14 11/14 9 14 11 10 16
H191 1 16 13 18 (31) 25 11 11 13 11/14 9 14 11 10 16
H192 1 16 13 19 (32) 24 10 11 13 11/11 9 14 11 10 17
H193 1 16 14 16 (30) 24 10 11 14 11/14 9 14 11 10 16
H194 1 16 14 17 (31) 23 10 13 13 14/15 9 14 9 10 15
H195 1 16 14 17 (31) 23 11 11 13 12/12 9 15 10 11 17
H196 1 17 13 15 (28) 23 10 11 13 12/12 9 15 10 11 16

Table 2 (continued)

Haplo- N DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS GATA 
type 19 389I 389II 390 391 392 393 385 434 437 438 439 A10



happened with the addition of DYS437 or DYS438,
where different haplotype diversity values were obtained
for the same number of haplotypes.

The theoretical haplotype diversity expected was cal-
culated when each of the five markers was added and
compared with the observed value (Fig.2). Since we de-
fined expected haplotype diversity as the theoretical value
calculated as if the locus under analysis was totally un-
linked to the core haplotype, this analysis allows the com-
parison between the specific locus individual informative-
ness and its effective contribution to the observed haplo-
type diversity. For most loci the observed increase was
lower than expected and was much lower for DYS438.
On the contrary DYS434, although contributing less,
showed an observed increase much higher than expected.
The results of this analysis confirmed that it is impossible
to evaluate the usefulness of a Y-STR system outside an
empirical haplotype approach.

The informative contribution of DYS434, DYS437,
DYS438, DYS439 and GATA A10 to an extended Y-STR
database was evaluated by calculating the haplotype di-
versity values excluding each of the five additional mark-
ers from the whole 14 Y-STR set (Table 3).

When DYS434 and DYS438 were not considered, the
haplotype diversity was not affected. A decrease in the
haplotype diversity was obtained when excluding any of
the other three markers (DYS437, DYS439 and GATA
A10).

Comparing these loci, it is possible to conclude that the
increase in haplotype diversity is not directly correlated to
gene diversity. Indeed, when DYS438 was not considered
the haplotype diversity was the same as for the whole 14
STR core and the number of different haplotypes was
only slightly affected with the loss of just one haplotype
although this system has a high gene diversity (0.6050).
With the inclusion of DYS437, the haplotype diversity
was barely affected (increasing from 0.9990 to 0.9992),
with three more haplotypes being distinguished.

The markers that proved to be most useful for inclu-
sion in the forensic routine were DYS439 and GATA A10.
When each of these markers were added to the database,
there was an increase in the haplotype diversity to 0.9992
from 0.9985 and 0.9986, respectively. Although these two
markers have different gene diversity values (higher for
DYS439), both contributed to the same increase in the
number of different haplotypes (from 186 to 196).

Another interesting result was obtained when compar-
ing DYS385 and DYS389, the most informative markers
in the studied population. In the context of the markers
considered in this work, although with different number
of allelic classes (18 for DYS389I and II and 37 for
DYS385) and gene diversities (0.7884 for DYS389I and
II and 0.8358 for DYS385), they have the same impact on
the haplotype diversity. When each of these STRs is not
considered the number of different haplotypes decreases
from 196 to 183 in both cases (data not shown).

In conclusion, we can state that in the context of this
population DYS437, DYS438, DYS439 and GATA A10
contributed to a higher power of discrimination when
added to the previous set of Y-STRs (those included in the
Y-STR haplotype reference database). The inclusion of
DYS434 in the forensic routine will not raise the power of
discrimination and, moreover, with the marginal disad-
vantage of an increase of the mutation rate expected for
the whole haplotype (Kayser and Sajantila 2001).

It must be stressed that the conclusions reported here
cannot be extrapolated to other (in particular, genetically
distant) populations. In fact, not only distinct gene diver-
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Table 3 Haplotype number and diversity values in a sample of
212 individuals from a northern Portuguese population by combin-
ing different Y-STR sets

Haplotype composition Number  Haplotype 
of different diversity 
haplotypes (%)

9 Y-STR seta 157 (74.06%) 99.25
9 Y-STR set plus DYS434 162 99.32
9 Y-STR set plus DYS437 164 99.52
9 Y-STR set plus DYS438 164 99.38
9 Y-STR set plus DYS439 175 99.72
9 Y-STR set plus GATA A10 175 99.70

14 Y-STR setb 196 (92.45%) 99.92
14 Y-STR set without DYS434 196 99.92
14 Y-STR set without DYS437 193 99.90
14 Y-STR set without DYS438 195 99.92
14 Y-STR set without DYS439 186 99.85
14 Y-STR set without GATA A10 186 99.86

a 9 loci set included in the Y-STR haplotype reference databases.
b 14 Y-STR core studied in this work.

Fig.2 Observed and expected
increase in haplotype diversity
by the addition of new Y-STRs
to the Y-reference database
core loci haplotypes in North
Portugal (solid columns ex-
pected increase, empty columns
observed increase)



sities per locus can occur, but more importantly, different
associations between loci may also occur .

Population comparison

Recently Grignani et al. (2000) reported the results of the
haplotype diversity in a sample from northwest Italy, by
the addition of the three STRs, DYS437, DYS438 and
DYS439 to the previously established nine Y-STR set. In
order to compare our data for northern Portugal with those
published by Grignani et al. (2000), we reanalysed our
data excluding DYS434 and GATA A10. We found the
same haplotype diversity values in both samples (0.9984
± 0.0007 in north Portugal and 0.9985 ± 0.0014 to north-
western Italy). By combining both samples (340 individu-
als) 304 haplotypes are distinguished and only 6 are
shared by both populations. The AMOVA results show
that the percentage of variation is mainly within popula-
tions (99.35%) in agreement with previous results in Eu-
ropean populations (Roewer et al. 2000).
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