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Abstract Eleven X-chromosomal STRs from two multiplex
PCR approaches (DXS6807, DXS8378, DXS7132,
DXS6800, DXS9898, DXS7424, DXS101, DXS7133,
HPRTB, DXS8377, and DXS7423), located in four different
X-chromosomal linkage groups, were typed in two population
samples from Africa, Morocco, and Madagascar. Forensic
efficiency parameters such as polymorphism information
content and mean exclusion chance were calculated. A
deviation from the Hardy–Weinberg equilibrium could not
be found. The investigation of four father–daughter and five
mother–son meioses (from Morocco) revealed no mutations
in any STR analyzed. Our data were comparedwith European,
African-American, and Asian populations from the literature.
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Introduction

The analysis of X-chromosomal STRs is especially useful
in complex kinship testing, when the offspring is female

and the alleged father is missing, or in maternity analyses
[1]. After an intensive analysis of forensically interesting
microsatellite repeats of the human X chromosome in
European countries [for example 2–12], the interest shifted
to African populations in recent years. Data from larger
African populations for X-chromosomal STRs have been
published for an Ethiopian population [13], in one
investigation including an Afro-American population [14],
in another study from the same working group comprising
populations from Angola, Mozambique, and Uganda [15],
as well as the Karinojong from Uganda [16], in a Somali
population from Finland [17], and in our recent study on
Ghana [18]. Greater differences in microsatellites and
mtDNA between African, Asian, and European populations
have been reported [for example 19, 20], showing
the importance for further investigations and data collec-
tion. Thus also differences in allele frequencies of X-
chromosomal STRs could be expected. Especially in
paternity analysis, it can be crucial to use frequency data
from associated/related populations to obtain reliable
results.

Here, we present allele frequencies for 11 X-chromosomal
STRs from two African populations, i.e., Morocco and
Madagascar.

Material and methods

Population

Buccal swabs were collected from 50 men and 50 women
fromMorocco (predominately born and living in Marrakesh)
and from 107 men and 62 women from Madagascar.
Samples were obtained and analyzed after advice of the
Medical Ethics Committees of the University of Duisburg-
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Essen and University of Schleswig-Holstein in accordance
with the declaration of Helsinki. The anonymity of the
individuals investigated was preserved corresponding to the
rules of data protection of the Human Medical Faculties
Essen and Kiel. Every person investigated gave informed
consent. Additionally, four girls and five boys have been
analyzed, whose parents were included in the 41 males and
32 females from Morocco and gave permission for
investigation.

DNA extraction

DNA was extracted from buccal swabs using the innuPrep
DNA Mini Kit (Analytik Jena, Jena, Germany) and the
Qiagen Blood Mini Kit (Qiagen, Hilden, Germany).

DNA amplification and fragment analysis

Two hexaplex amplification reactions were performed as
described previously [18]. The first comprised the STRs
DXS6807, DXS7132, DXS6800, DXS9898, DXS101, and
HPRTB; the second included the STRs DXS8378,
DXS7132, DXS7424, DXS7133, and DXS8377. All
primer sequences have been taken from http://www.chrx-
str.org/. DXS7132 was included in both hexaplex ampli-
fication reactions (with the same primer sequences) as an
internal control against mix-up of samples. PCR fragments
were analyzed using an ABIPrsim310 Genetic Analyzer
(Applied Biosystems, Weiterstadt, Germany), and frag-
ment sizes were determined using the Genemapper ID v3.2
software with especially self-defined panels and bin sets.
The ladder was composed of cell line DNAs and
individuals from a German population as described before
[18]. Allelic nomenclature used for typing was mostly
according to Szibor et al. [21, 22] with the exception of
DXS9898 in cell line 9948. Here, we found 13 repeats
instead of 14 repeats, which is in line with results from
Gomes et al. [14].

Table 3 Frequency of DXS101-DXS7424 haplotypes in the two
populations from Morocco and Madagascar

DXS101 DXS7424 Frequency in
Morocco (%)

Frequency in
Madagascar (%)

17 17 1 (2%) 0

18 13 1 (2%) 0

18 15 1 (2%) 0

18 16 1 (2%) 0

18 17 2 (4%) 0

19 13 1 (2%) 1 (0.9%)

19 14 0 2 (1.9%)

19 16 1 (2%) 1 (0.9%)

19 17 1 (2%) 0

20 10 0 1 (0.9%)

20 13 1 (2%) 3 (2.8%)

20 15 0 3 (2.8%)

20 18 1 (2%) 0

21 12 0 1 (0.9%)

21 13 0 1 (0.9%)

21 14 1 (2%) 1 (0.9%)

21 15 1 (2%) 6 (5.6%)

21 16 2 (4%) 5 (4.7%)

22 13 1 (2%) 1 (0.9%)

22 14 1 (2%) 0

22 15 1 (2%) 0

22 16 2 (4%) 7 (6.5%)

23 13 0 1 (0.9%)

23 14 0 4 (3.7%)

23 15 1 (2%) 5 (4.7%)

23 16 0 4 (3.7%)

24 11 0 1 (0.9%)

24 13 0 1 (0.9%)

24 14 0 5 (4.7%)

24 15 4 (8%) 2 (1.9%)

24 16 1 (2%) 8 (7.5%)

24 17 1 (2%) 3 (2.8%)

24 18 1 (2%) 1 (0.9%)

25 11 0 1 (0.9%)

25 12 1 (2%) 0

25 13 1 (2%) 7 (6.5%)

25 14 0 1 (0.9%)

25 15 3 (6%) 0

25 16 3 (6%) 3 (2.8%)

26 12 1 (2%) 1 (0.9%)

26 13 0 2 (2.8%)

26 14 1 (2%) 1 (0.9%)

26 15 3 (6%) 0

26 16 3 (6%) 6 (5.6%)

26 17 1 (2%) 1 (0.9%)

27 11 0 3 (2.8%)

27 12 0 1 (0.9%)

Table 3 (continued)

DXS101 DXS7424 Frequency in
Morocco (%)

Frequency in
Madagascar (%)

27 13 0 1 (0.9%)

27 14 0 1 (0.9%)

27 15 2 (4%) 1 (0.9%)

27 16 2 (4%) 4 (3.7%)

28 14 0 2 (1.9%)

28 15 0 3 (2.8%)

29 15 1 (2%) 0

310 Int J Legal Med (2011) 125:307–314
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Statistical analysis

Allele frequencies, haplotype and gene diversities, exact test of
population differentiation population pairwise genetic distan-
ces FST, Hardy–Weinberg equilibrium in females, analysis of
molecular variance, and pairwise exact test of linkage
disequilibrium were all performed using the Arlequin ver.
3.0 software [23]. Genetic distance analysis was performed
for all X-STRs using FST, since comparison of FST and RST
values in sub-Saharan African populations studied by Caglia
et al. [24] showed a better performance for FST values in an
African context. Forensic efficiency parameters were assessed
for each locus following Desmarais et al. [25].

Results and discussion

Genotyping of both population samples for the 11 X-
chromosomal STRs resulted in allele frequencies and
forensic efficiency parameters as shown in Tables 1 and 2.
DXS6807 and DXS7133 were the least informative markers
in the population sample from Morocco, DXS6800 and
DXS7423 in the population sample from Madagascar.
DXS101 and DXS8377 demonstrated the highest values in
both population samples. Combined forensic efficiency
parameters were calculated for all STRs with the exception
of DXS7424, for which linkage disequilibrium to DXS101
has previously been detected [26], as follows: combined
power of discrimination for males 0.9999999 (Morocco)
and 0.999999 (Madagascar), combined power of discrim-
ination for females 0.999999999 (Morocco) and greater
than 0.999999999 (Madagascar), and combined mean
exclusion chance for trios 0.9999996 (Morocco) and
0.999991 (Madagascar). The frequency of DXS101–
DXS7424 haplotypes is shown in Table 3 for both population
samples. Linkage disequilibrium between DXS101 and
DXS7424 has not been tested for our samples because the
number of investigated individuals was too small. The
investigation of four father–daughter and five mother–son
meioses from Morocco revealed no mutations in any STR
analyzed in this study.

In the locus DXS9898 the allelic repeat 6.3 was detected
and verified via sequencing analysis. Concerning the locus
HPRTB, different nomenclatures have been used [for
example 2, 15, 21]. This issue has been addressed in a
recent letter by Szibor et al. [22]. They proposed the use of
the old nomenclature—resulting in a homozygote 14 in the
cell line NA9947A, since this nomenclature is already
established in the forensic field, even if it is not exactly in
accordance with the ISFG nomenclature recommendations.
Therefore, we employed the old nomenclature and adjusted
the results from studies using the other nomenclature for
comparison purposes.

Genetic distances were estimated for each STRmarker with
the exception of DXS7424—due to the linkage disequilibrium
to DXS101—to different European [2, 4, 5, 7, 27], Asian
[28], Afro-American [14], and African [15–18] populations
as available (see Tables 4 and 5 for all results). Significant
genetic distances are distributed rather heterogeneous be-
tween different STRs and different populations. European
and Asian influences seem to be much higher in Morocco
and in Madagascar than in other African populations.

The X-chromosomal STRs employed in this work
proved to be highly discriminating. Combined values of
forensic efficiency parameters were high in the population
samples from Morocco and Madagascar. Therefore, the two
hexaplex assays showed to be very useful for identification
studies involving people from Africa, for example in
applications of political asylum in complex deficiency
cases. These investigations can be rather difficult, since in
many cases the analysis has to be done only with two
persons, e.g., father and child. In such deficiency cases, it
could be shown that the possibility to include a relative of
the biological father or even a nonrelated man as father is
not to be neglected [29, 30].
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