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Abstract The eight short tandem repeat (STR) poly-
morphic systems mapping on the male-specific region of
the human Y chromosome, DY S19, DY S388, DY S389I,
DY S38911, DY S390, DY S391, DY S392 and DY S393, were
typed in four populations from northwest (NW) Africa
(Moroccan Arabs, southern Moroccan Berbers, Saharawis
and Mozabites). Allele frequency distributions showed
statistically significant differences for all loci among all
the populations except for DY S19. Complete typing was
obtained for 185 chromosomes, which showed 74 differ-
ent haplotypes. The two most frequent haplotypes were
found in 16.2% and 15.1% of the individuals, although
the latter was almost exclusively found in the Mozabites.
Locus and haplotype informativeness were measured by
means of the gene diversity (D). The haplotype diversity
ranged from 0.856 (M ozabites) to 0.967 (southern Moroc-
can Berbers). For some loci, alele frequencies in NW
Africans were clearly different from those in Europeans.
The most common NW African haplotype was found only
in one individual out of a total of 494 Europeans typed
for the whole STR set. Thus, NW African and European
Y chromosomes are clearly differentiated.
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Introduction

Because of its sex-determining function, the human Y
chromosome is paternally inherited and does not recom-
bine for most of its length. The genetic content is not ho-
mologous to any other part of the genome except for afew
housekeeping genes that are homologous but highly di-
vergent from genes in the X chromosome (L ahn and Page
1997). These special features make the Y chromosome an
important genetic tool for the study of male aspects of hu-
man evolution and population diversity, as well as in
forensic practice and paternity testing (Jobling and Tyler-
Smith 1995; Jobling et al. 1997). Different types of ge-
netic markers such as biallelic polymorphisms, short tan-
dem repeat (STR) polymorphisms (also called microsatel -
lites) and the MSY 1 minisatellite (Jobling et al. 1998;
Bouzekri et al. 1998) are now available on the non-re-
combining (or male-specific) region of the human 'Y chro-
mosome. Amongst them, the PCR-amplifiable Y-STR loci
have become some of the most useful markers to iden-
tify male individuals in forensic applications. In a multi-
centre study, abasic set of seven STRs (DY S19, DY S389,
DY S389I1, DY S390, DYS391, DY S392, DY S393) has
been recommended for standard Y-haplotyping in forensic
and paternity casework (Kayser et a. 1997; de Knijff et
al. 1997). Currently, one of the major goals of the forensic
genetic community is the compilation of data for this se-
lected basic set in a number of different reference popula-
tions. This will allow a well-established ethnic and geo-
graphic stratification of Y chromosome STR alele to be
obtained as well as haplotype frequencies as needed for
routine forensic casework.

Previous genetic studies of the forensic applicability in
northwest (NW) Africa included a set of 13 autosomal
STRs in Moroccan Arabs and Berbers (Pérez-Lezaun et
al. 2000), HLA class Il in southern Moroccan Berbers
(I1zaabel et al. 1998), and mtDNA (mitochondrial DNA)
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sequences in Mozabites (Corte-Real et a. 1996) and in
anumber of NW African populations (Rando et al. 1998).
Three autosoma STRs (Meyer et al. 1995) and four
Y chromosome STRs (DY S19, DY S3891, DY S38911 and
DY S390) were typed in a sample of Moroccans living in
Brussels, Belgium (Kayser et a. 1997); in the same sam-
ple a detailed study of DY S389 haplotypes was also per-
formed (Rolf et al. 1998).

This study presents allele and haplotype frequencies
for eight Y-specific STRs in four populations from NW
Africa (Moroccan Arabs, southern Moroccan Berbers, Sa-
harawis, and Mozabites), which represent four distinct
ethnical, linguistic and cultural groups in the area. These
populations are of interest not only to the local forensic
geneticists, but to those working in Western Europe where
many immigrants from NW Africa have settled recently.

Material and methods
Samples

Genetic analyses were performed in a sample of Y chromosomes
from 185 unrelated healthy males from NW Africa. Appropriate
informed consent was obtained from al participants in this study
and, in most cases, information about geographic origin of the four
grandparents and mother tongue was recorded. Samplesinclude 44
Moroccan Arabs, 44 southern Moroccan Berbers, 29 Saharawis
(Western Sahara), and 68 Mozabites from the town of Ghardaia
(Algeria). DNA was extracted from fresh blood by standard phe-
nol-chloroform protocols.

STR polymorphism typing

PCR amplifications for all loci (DYS19, DY S388, DY S389l,
DY S38911, DY S390, DY S391, DY S392, DY S393) were carried out
ina 10 pl final reaction volume containing 100 ng of genomic DNA,
50 mM KClI, 10 mM tris-HCI (pH 8.3), 1.5 mM MgCl, (2.5 mM
for DY S19), 250 uM dNTP, 0.2 uM each primer and 1 U Tag DNA
polymerase (Gibco, BRL) using a Perkin Elmer 9600 thermal cy-
cler. Forward primers were fluorescently labeled. PCR cycling con-
ditions were as described in Pérez-Lezaun et al. (1999). PCR
products were run in an ABI 377 sequencer. ABI GS500 TAMRA
was used as internal lane standard. The GeneScan 672 and Geno-
typer 1.1 software packages were used to collect the data and
analyse fragment sizes. Y chromosome STR alleles were named ac-
cording to the number of repeat units they contain, which was es-
tablished through the use of sequenced allele ladders and reference
samples kindly provided by P. de Knijff (Leiden, The Nether-
lands).

Statistical analysis

Population differentiation was tested by an exact test (Raymond
and Rousset 1995) as implemented in the Arlequin package (Schnei-
der et al. 1997). Gene diversity (D, which corresponds to expected
heterozygosity for autosomal loci) was computed for each locus as
D =1-2p? where p; isthe alelic frequency. Haplotype diversity
was computed with the same equation using haplotype frequencies
instead of alele frequencies. In the Y chromosome, haplotype di-
versity, power of discrimination and chance of paternity exclusion
are numerically identical and this parameter is sufficient to ade-
quately describe the informativeness of Y chromosome haplotypes
in a population.
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Table 1 Allele frequencies for the eight Y chromosome STRs
DYS19, DYS388, DYS389l, DYS389ll, DYS390, DY S391,
DY S392, DY S393 in four NW African populations (ARA Moroc-
can Arabs SOB Southern Moroccan Berbers SAH Saharawis MZA
M ozabites)

Locus Allele ARA SOB SAH MZA
(repeat) n=44 n=44 n=29 n=68
DYS19 13 0.592 0.682 0.760 0.822
14 0.295 0.205 0.172 0.074
15 0.045 0.045 0.034 0.059
16 0.045 0.068 0 0.015
17 0.023 0 0.034 0.015
18 0 0 0 0.015
DY S388 12 0.795 0.841 0.828 0.926
13 0.045 0.045 0 0.059
14 0.023 0 0 0
15 0 0.045 0 0
16 0 0.023 0.034 0.015
17 0.114 0.023 0.138 0
18 0.023 0.023 0 0
DY S389I 9 0.205 0.114 0.103 0.044
10 0.205 0.409 0.138 0.162
11 0.590 0.431 0.759 0.794
12 0 0.023 0 0
13 0 0.023 0 0
DYS389ll 23 0 0 0 0.015
24 0.023 0 0 0
25 0.045 0 0 0.015
26 0.136 0.295 0.070 0.118
27 0.728 0.523 0.448 0.764
28 0.045 0.136 0.448 0.059
29 0.023 0.023 0.034 0.029
30 0 0.023 0 0
DY S390 20 0 0 0 0.015
21 0.068 0.023 0.034 0.029
22 0 0.068 0.034 0.029
23 0.318 0.250 0.207 0.132
24 0.546 0.545 0.310 0.604
25 0.068 0.114 0.415 0.176
26 0 0 0 0.015
DY S391 8 0 0.023 0 0
9 0.409 0.613 0.794 0.147
10 0.386 0.250 0.034 0.765
11 0.182 0.114 0.172 0.088
12 0.023 0 0 0
DY S392 10 0 0.023 0 0
11 0.932 0.954 0.759 0.956
12 0 0 0.241 0
13 0.068 0.023 0 0.044
DY S393 10 0.023 0 0 0
11 0 0 0 0
12 0.159 0.114 0.172 0.015
13 0.750 0.818 0.828 0.941
14 0.068 0.068 0 0.015
15 0 0 0 0.029
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Results and discussion

Allele frequency distributions for loci DY S19, DY S388,
DY S3891, DY S38911, DY S390, DY S391, DY S392 and
DY S393 in the four NW African populations analysed are
shown in Table 1. An exact test of population differentia-
tion (Raymond and Rousset 1995) showed statistically
significant differences (p < 0.0001 except p = 0.008 for
DY S388 and p = 0.020 for DY S390) for all loci among all
the populations except for DY S19 (p = 0.15).

Several loci showed allele frequencies that were very
different from those found in European populations
(Kayser et al. 1997). For instance, the most frequent allele
for DYS19 is 13 in NW Africa but 14 in Europe. For
DY S3891/11, the most frequent alleles in NW Africa are
11/27, but 10/26 in Europe. It is evident that European
Y chromosome STR allele frequencies should not be used
in forensic casework involving NW African subjects.

Table 2 Gene diversity (D) by population for the eight Y chro-
mosome STRs analysed, as well as for the whole haplotype. The
mean gene diversity for each locusis aso given (Abbreviations as
in Table 1)

Locus ARA SOB SAH MZA Mean
DYS19 0.572 0.498 0.406 0.317 0.448
DY S388 0.359 0.294 0.305 0.140 0.275
DY S389I 0.580 0.647 0.409 0.346 0.496
DY S389l11 0.458 0.634 0.613 0.403 0.527
DY S390 0.606 0.636 0.712 0.594 0.637
DY S391 0.665 0.560 0.352 0.392 0.492
DY S392 0.130 0.090 0.379 0.086 0.171
DY S393 0.417 0.320 0.296 0.115 0.287
Haplotype 0.921 0.967 0.867 0.856
diversity
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Gene diversity (D) by population for each Y chromo-
some STR and for the whole haplotype are presented in
Table 2. The most informative loci, as measured by the av-
erage gene diversity, were DY S390 (D = 0.637), DY S389l1
(D = 0.527), DYS389l (D = 0.496) and DYS391 (D =
0.492). The populations with the highest and lowest hap-
lotype diversity were the southern Moroccan Berbers
(0.967) and the Mozabites (0.856), respectively.

The Y haplotype frequency distributions constructed
considering the eight Y STR loci studied (DY S19-
DY S388-DY S3891-DY S38911-DY S390-DY S391-DY S392-
DY S393) are given in Table 3. From a total of 185 chro-
mosomes with complete typing, 74 distinct haplotypes
were obtained. The two most frequent haplotypes, 19
(13-12-11-27-24-9-11-13) and 21 (13-12-11-27-
24-10-11-13), were found in 30 (12 Moroccan Arabs, 4
Mozabites, 7 Saharawis and 7 southern Moroccan Berbers)
and in 28 individuals (3 Moroccan Arabs, 24 Mozabites,
1 southern Moroccan Berber), respectively. Of the haplo-
types 51 were observed in unique copies, and out of 74 dif-
ferent haplotypes, 61 (82.4%) were found only in one pop-
ulation.

Haplotype 19, which isthe most frequent in NW Africa
(16.2%), was found in one of 56 Basques (Pérez-Lezaun
et al. 1997), but was not found in 33 Catalans (Pérez-
Lezaun et a. 1997), 125 central and southern Italians
(Cagliaet al. 1998) or 280 Finns (Kittles et a. 1998). In a
sample of 93 Galicians (Pestoni et al. 1988) typed for
DY S19, DY S389I, DY S389I1, DY S390 and DY S393, two
individuals partially matched haplotype 19. Altogether, this
is evidence for the specificity of NW African Y chromo-
some haplotypes.

Since the Y chromosome has one-quarter of the effec-
tive population size of any autosome, genetic drift acts more
strongly on the Y chromosome than on the autosomes. As
demontrated by Pérez-Lezaun et al. 1997 this means that:

Table3 Y chromosome STR haplotypes for the four NW African populations analysed (abbreviations asin Table 1)

Haplo- DYS19 DYS388 DYS389 DYS38911 DYS390 DYS391 DYS392 DYS393 ARA SOB  SAH MZA Tota
type no.
1 13 12 9 25 24 10 11 13 1 1
2 13 12 9 26 23 10 11 10 1 1
3 13 12 9 26 23 10 11 13 2 2
4 13 12 9 26 23 10 11 14 1 1
5 13 12 9 26 24 10 10 13 1 1
6 13 12 9 26 24 10 11 13 1 1
7 13 12 9 26 25 10 11 13 1 1
8 13 12 10 26 23 9 11 13 2 2
9 13 12 10 26 24 9 11 13 2 1 3 6
10 13 12 10 26 24 10 11 13 3 3
11 13 12 10 27 24 9 11 13 1 1 2
12 13 12 10 28 22 9 11 13 2 2
13 13 12 10 28 24 10 11 13 1 1
14 13 12 10 30 22 9 11 13 1 1
15 13 12 11 27 23 8 11 13 1 1
16 13 12 11 27 23 9 11 13 2 1 3
17 13 12 11 27 23 10 11 13 5 5
18 13 12 11 27 23 11 11 13 1 1
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Table 3 (continued)

Haplo- DYS19 DYS388 DYS389 DYS38911 DYS390 DYS391 DYS392 DYS393 ARA° SOB SAH MZA Tota
type no.

19 13 12 11 27 24 9 11 13 12 7 7 4 30
20 13 12 11 27 24 9 11 14 1 1
21 13 12 11 27 24 10 11 13 3 1 24 28
22 13 12 11 27 24 11 11 13 1 1 2
23 13 12 11 27 25 9 11 13 2 1 3
24 13 12 11 27 25 10 11 13 7 7
25 13 12 11 27 25 10 11 15 1 1
26 13 12 11 28 24 9 11 13 1 1 2
27 13 12 11 28 24 10 11 13 4 4
28 13 12 11 28 25 9 11 13 6 6
29 13 12 11 28 25 9 12 13 6 6
30 13 12 12 28 23 9 11 13 1 1
31 13 12 13 29 23 9 11 13 1 1
32 13 13 10 26 24 9 11 13 1 1
33 13 13 10 28 25 10 11 13 1 1
34 13 13 11 27 23 9 11 13 1 3 4
35 13 13 11 27 25 10 11 13 1 1
36 14 12 9 24 23 10 11 14 1 1
37 14 12 9 25 24 10 13 13 1 1
38 14 12 9 26 23 10 11 13 1 1
39 14 12 9 26 25 10 11 13 1 1
40 14 12 10 27 24 11 13 13 1 1
41 14 12 10 29 25 10 11 15 1 1
42 14 12 11 27 24 9 11 13 1 4 5
43 14 12 11 27 24 10 11 13 1 1 2
44 14 12 11 29 20 10 11 14 1 1
45 14 14 11 29 25 10 11 12 1 1
46 14 15 9 26 23 10 11 12 1 1
47 14 15 10 26 24 10 11 12 1 1
48 14 16 10 27 22 11 11 12 1 1
49 14 16 10 27 23 11 11 12 1 1
50 14 16 11 29 23 11 11 12 1 1
51 14 17 9 26 23 11 11 12 1 1
52 14 17 10 26 23 11 11 12 1 1 2
53 14 17 10 27 23 10 11 12 1 1
54 14 17 10 27 23 11 11 12 3 3 6
55 14 18 10 27 23 12 11 12 1 1
56 14 18 10 27 24 11 11 12 1 1
57 15 12 9 26 22 11 11 13 1 1
58 15 12 9 27 21 10 11 13 1 1
59 15 12 9 27 21 10 11 14 2 2
60 15 12 10 23 23 10 13 13 1 1
61 15 12 10 27 21 11 11 13 1 1
62 15 12 10 27 25 10 11 13 1 1
63 15 12 10 28 24 10 11 13 1 1
64 15 12 11 27 26 11 13 13 1 1
65 16 12 9 26 21 10 11 14 1 1
66 16 12 10 26 25 11 13 13 1 1
67 16 12 10 27 21 11 11 13 1 1
68 16 12 11 27 24 9 11 13 1 1
69 16 12 11 27 24 11 13 13 1 1
70 16 12 11 28 21 10 11 13 1 1
71 17 12 9 27 22 9 12 13 1 1
72 17 12 11 27 24 11 13 13 1 1
73 17 13 10 25 23 10 11 13 1 1
74 18 12 11 27 25 10 11 13 1 1
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1. GenediversitiesintheY chromosome STRs are lower
than those found in autosomal STRs. Recently, White et
al. (1999) selected, out of 185 possible Y chromosome
(GATA), STRs, six loci with an average D = 0.663 in an
unidentified sample, which is still far from the usual lev-
els of polymorphismin the autosomal STRsused in foren-
sic casework (> 0.75, Pérez-Lezaun et al. 2000).

2. More differentiation is found among populations for Y
chromosome STRs than for autosomal STRs, and thus
more subpopulations need to be typed to obtain reliable
population datafor Y chromosome markers.

These basic genetic properties explain the high levels of
between-population differentiation observed in NW Africa
for the Y chromosome markers and the reduction of the
internal diversity in one of the populations, the M ozabites.
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