
Abstract In an Iraqi Kurdish population sample (n =
101), seven polymorphic STR loci of the Y-chromosome
(DYS19, 389, 390, 391, 392, 393, and DXYS156-Y) were
typed, with DYS389 being subtyped for its four segments.
The haplotype diversity was 97.83% and 82 different hap-
lotypes were observed. The Kurds shared some Y-types
with neighbouring south Turks but strikingly few with
Germans: it is 20–30 times more likely to find a sequence
match in a random pair of Kurds than in a random Kurd-
German pair.
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Introduction

Short tandem repeat (STR) polymorphisms on the non-re-
combining part of the Y-chromosome are inherited in the
form of compound Y-haplotypes and can only evolve by
mutation. The different Y-types in a given population can
therefore be linked in an evolutionary tree (Zerjal et al.
1997; Forster et al. 1998), which generally links them by
single repeat mutations, the most frequent type of muta-
tion at STR loci (Weber and Wong 1993; Brinkmann et al.
1998). Since most crimes are committed by males, their
Y-types can be illuminating for investigations aiming at
identification especially in sexual assaults, where mixes
of male and female DNA are frequently encountered. It is
known that compound Y-types are strongly population-
specific (Jobling et al. 1997), necessitating extensive pop-
ulation sampling for a future comparative Y database. To

contribute to this international database, we have analysed
the standard forensic set of seven Y-STRs (Kayser et al.
1997; de Knijff et al. 1997) in an Iraqi Kurdish sample of
101 males.

Materials and methods

DNA was extracted from saliva swabs of 101 unrelated Kurds
from north Iraq using the chelex method (Walsh et al. 1991). The
following loci were amplified and separated electrophoretically:
DYS19, DYS390 (duplex), DXYS156-Y, DYS391, DYS392,
DYS393 (quadruplex), four segments of DYS389 (nested PCR re-
actions 1 and 2). The primers are described in Kayser et al. (1997),
de Knijff et al. (1997) and Rolf et al. (1998). The amplification
protocol was as follows: 1.5 U AmpliTaqGold (DYS389: 1 U Am-
pliTaqGold), 0.1–0.8 µM each primer, 200 µM dNTPs, 25 mM
MgCl2, 100 mM TrisHCl pH 8.3, 500 mM KCl, 5 µg BSA
(DYS389: 20 µg) in a total volume of 25 µl. The forward primers
were labeled with the appropriate dyes (Gibco, ABI). The cycling
conditions were as follows: for DYS19, 390, 392, 393, 389–2,
DXYS156-Y, 94°C – 10 min, 94°C – 90 s, 55°C – 30 s, 72°C –
30 s, 30 cycles; for DYS389-1, 94°C – 10 min, 94°C – 90 s, 55°C –
30 s, 72°C – 60 s, 30 cycles. Electrophoresis was carried out by
capillary electrophoresis (ABI310) with sequenced allelic ladders
as an internal standard. Of the amplified PCR products, 1–3 µl
were mixed with 12 µl formamide and 0.5 µl GeneScan500 (inter-
nal length standard) according to the manufacturer’s instructions.
PCR fragments were automatically analysed by the GeneScan soft-
ware (ABI). The repeat nomenclature follows that of Kayser et al.
(1997) and de Knijff et al. (1997), except for DXYS156-Y which
accords with the repeat-based nomenclature of Karafet et al.
(1998), and DYS389, which was typed at greater resolution:
DYS389q corresponds to DYS389-I and the sum of m, n, and q
corresponds to DYS389–II. Simple haplotype diversity dwmin
within a population, i.e. the probability of obtaining different hap-
lotypes when sampling two individuals, was calculated as 

where xi is the absolute frequency of the i-th haplotype and h the
total number of different haplotypes in the Nx samples (Nei 1987).
When comparing between populations, the formula for the proba-
bility dbmax of obtaining different haplotypes when sampling two
individuals from two different populations simplifies to 

where only the m sequence matches between populations X and Y
need to be considered. Both formulas assume that the absolute fre-
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quency of each haplotype in a sample reflects its relative frequency
in the population, which may be an overestimate in small, highly di-
verse samples. Thus the ratio (1 – dwmin)/(1 – dbmax) or its equiva-
lent expression mwmax/mbmin is an overestimate of the probability
ratio of obtaining a match when sampling a pair of individuals
from the same population versus from two different populations.
In order to obtain a lower bound for this interpopulation compari-
son, we assume that at the extreme all unique haplotypes in the
sample reflect close to zero relative frequency. Then the within-
population matching pair probability mwmin equals.

The ratio mwmin/mbmin then yields a lower estimate of how
much more probable it is to obtain a match within a population
than between two populations.

Results and discussion

In 101 Iraqi Kurds we observed 82 different Y-types, of
which 75 Y-types were unique. Seven Y-types were pre-
sent in more than one person. Such “common” Y-types
were shared by 2–4 persons with the exception of a fre-
quent type that was found 10 times (Table 1). From a
forensic point of view, it is important to evaluate matching
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Table 1 Y-STR types in Kurds

1 3 3 3 3 G T
5 8 8 8 8 3 3 3 3 e u

1 6 9 9 9 9 9 9 9 9 r r
#/DYS 9 Y m n p q 0 1 2 3 n m k

1 13 11 5 11 3 9 22 11 11 11 1 0 0
2 13 11 6 11 3 10 23 9 11 13 1 0 0
3 13 11 6 11 3 10 23 10 11 13 1 0 0
4 13 12 5 11 3 10 24 11 13 12 1 0 0
5 13 12 5 11 3 11 22 10 14 13 1 0 0
6 13 12 5 12 3 9 25 10 11 12 2 0 0
7 13 12 5 12 3 9 25 11 11 12 1 0 0
8 13 12 5 12 3 11 23 10 15 14 1 0 0
9 14 9 5 11 3 11 23 10 15 12 1 0 0

10 14 11 5 11 3 9 22 10 14 11 1 0 0
11 14 11 6 11 3 10 24 10 11 13 1 0 0
12 14 11 6 12 3 10 24 10 11 13 1 0 0
13 14 11 6 12 3 10 25 10 11 13 1 0 0
14 14 11 6 12 3 10 26 10 11 13 1 0 0
15 14 12 4 12 3 10 23 10 13 13 1 0 0
16 14 12 4 13 3 10 23 10 13 13 1 0 0
17 14 12 4 13 3 11 23 10 13 13 1 0 1
18 14 12 5 10 3 10 24 10 14 12 1 0 0
19 14 12 5 10 3 10 24 11 14 12 1 0 2
20 14 12 5 10 3 10 25 10 14 12 1 0 0
21 14 12 5 10 3 11 23 10 11 11 1 0 0
22 14 12 5 10 3 12 24 11 13 12 1 0 0
23 14 12 5 11 3 9 23 10 11 12 1 0 1
24 14 12 5 11 3 9 24 10 12 13 1 0 0
25 14 12 5 11 3 10 22 10 15 13 1 0 0
26 14 12 5 11 3 10 23 10 11 12 10 0 3
27 14 12 5 11 3 10 23 11 13 12 1 0 0
28 14 12 5 11 3 10 23 10 13 13 1 3 0
29 14 12 5 11 3 10 24 10 13 12 1 0 0
30 14 12 5 11 3 10 24 11 14 12 1 0 0
31 14 12 5 11 3 11 23 10 11 11 1 0 0
32 14 12 5 11 3 11 23 10 11 12 3 0 0
33 14 12 5 11 3 11 24 10 11 12 1 0 1
34 14 12 5 12 3 9 22 10 12 13 1 0 0
35 14 12 5 12 3 9 23 10 11 12 1 0 0
36 14 12 5 12 3 10 22 10 11 12 1 1 0
37 14 12 5 12 3 10 23 10 11 12 3 0 3
38 14 12 5 12 3 10 23 10 13 13 1 0 0
39 14 12 5 12 3 10 24 10 13 13 1 1 0
40 14 12 5 12 3 10 24 11 13 13 1 2 0
41 14 12 5 12 3 11 23 10 11 12 1 0 1

1 3 3 3 3 G T
5 8 8 8 8 3 3 3 3 e u

1 6 9 9 9 9 9 9 9 9 r r
#/DYS 9 Y m n p q 0 1 2 3 n m k

42 14 12 5 13 3 9 22 10 11 14 1 0 0
43 14 12 5 13 3 11 23 10 11 10 1 0 0
44 14 12 5 14 3 10 24 10 11 12 1 0 0
45 14 12 5 15 3 10 24 10 13 13 1 0 0
46 15 9 5 11 3 10 23 10 14 12 1 0 0
47 15 11 5 11 3 10 26 10 11 14 2 0 0
48 15 11 6 12 3 10 22 11 11 13 1 0 0
49 15 12 5 10 3 10 23 11 14 12 1 0 0
50 15 12 5 11 3 9 23 9 11 12 1 0 0
51 15 12 5 11 3 9 23 11 11 12 1 0 0
52 15 12 5 11 3 10 23 9 11 12 1 0 0
53 15 12 5 11 3 10 23 10 11 12 2 0 0
54 15 12 5 12 3 9 20 10 11 14 1 0 0
55 15 12 5 12 3 9 21 10 11 14 4 0 1
56 15 12 5 12 3 9 21 11 11 15 1 0 0
57 15 12 5 12 3 9 22 10 10 14 1 0 0
58 15 12 5 12 3 9 23 10 11 14 1 0 0
59 15 12 5 12 3 10 23 9 11 12 1 0 0
60 15 12 5 12 3 10 23 10 11 12 1 1 0
61 15 12 5 12 3 11 22 10 11 11 1 0 0
62 15 12 5 12 3 11 22 10 11 13 1 0 0
63 15 12 5 12 3 11 24 11 11 13 1 0 0
64 15 12 5 12 3 11 24 11 11 14 1 0 0
65 15 12 5 12 3 11 25 11 11 14 1 0 0
66 15 12 5 13 3 10 24 11 13 13 1 0 0
67 16 11 4 13 3 9 24 10 11 13 1 0 0
68 16 11 6 11 3 11 25 10 11 14 1 0 0
69 16 12 5 10 3 10 22 11 11 12 1 0 0
70 16 12 5 11 3 10 24 11 11 13 1 0 0
71 16 12 5 11 3 11 23 10 11 13 1 0 0
72 16 12 5 12 3 10 22 10 11 12 1 0 0
73 16 12 5 13 3 9 22 10 10 14 1 0 0
74 16 12 5 13 3 9 23 10 12 13 1 0 0
75 16 12 5 13 3 10 25 11 11 13 1 2 1
76 16 12 5 14 3 10 25 10 11 13 1 0 0
77 16 12 6 12 3 10 25 9 11 13 1 0 0
78 17 12 5 11 3 10 25 11 11 13 1 1 0
79 17 12 5 12 3 9 21 10 11 14 1 0 0
80 17 12 5 12 3 10 24 11 11 13 1 0 0
81 17 12 5 12 3 10 25 11 11 13 1 0 0
82 17 12 5 13 3 10 25 11 11 13 1 0 1



probabilities rather than genetic distances. We thus also
analysed the Y-types shared with other Caucasoid popula-
tions (Table 1), i.e. west Germans around Münster (n =
179, 104 Y-types, Nata et al. 1999) and south Turks
around Adana (n = 85, 77 Y-types). The haplotype diver-
sities are high within all three populations, evidently be-
cause the rapid mutation rate of the STRs quickly elimi-
nates identities: the haplotype diversity in the Kurds is
97.83%, in the Turks 98.55%, and in the Germans
98.06%. The maximum probability dbmax of obtaining two
different Y types when sampling a Kurd and a Turk is
99.41%, and when sampling a Kurd and a German it is
99.93%. In other words, in the maximum estimate it is
about 3.7 times more likely to find a match between two
Iraqi Kurds than between an Iraqi Kurd and a Turk, and
30.6 times more likely than finding a Kurd-German
match. The lower estimates mwmin/mbmin are 2 and 17.9,
respectively. These ethnic differences underline the neces-
sity of microgeographic sampling for forensic applica-
tions.
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