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Abstract Paternity and maternity investigations in immigra-
tion procedures are frequently done in Germany. Since mostly
only one parent and one or more children are investigated, the
occurrence of possible mutational events has to be interpreted
with great care and the analysis of as many STRs as possible is
recommended. The new Powerplex® ESX17 and Powerplex®
ESI17 kits from Promega comprising both eleven established
STRs and additionally the loci D1S1656, D2S441,
D10S1248, D12S391, and D22S1045 (in different order) are

potential tools in such paternity or maternity analyses, but
only few allele frequency data for the five new loci exist. Here,
we provide allele frequencies for the five additional STRs
from three different populations from Africa. In addition, we
present two maternity cases and one paternity case in which a
clear inclusion or exclusion of the alleged parent could only be
achieved by the additional application of the new Powerplex®
ESX17 kit.

Keywords STR .Multiplex PCR . Population data . Ghana .

Madagascar . Morocco

Introduction

Nowadays, immigration procedures involving family reun-
ions frequently require paternity or maternity investigations
with STR analysis being the method of choice. In most of
these cases, only the alleged father and the child are included
in the investigation, since the maternity of the alleged mother
is usually not questioned. Moreover, the mother is frequently
absent or not investigated for financial reasons. This may lead
to difficult and possibly wrong conclusions, especially if
brothers or other relatives of the alleged father may be
considered as the true father [1–3] or mutational events occur,
even when twelve STRs—as required by the German
guidelines—are investigated. Numerous STRs are available
these days, but allele frequencies for some of these STRs—
especially for newly introduced markers—have only rarely
been evaluated in African populations yet.

To enable the use of five only recently available STRs in
immigration procedures we applied the newly developed
Powerplex® ESX17 and ESI17 kits from Promega to 457
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unrelated individuals from three different African popula-
tions (Ghana (Gh), Madagascar (Ma), and Morocco (Mo))
and present the corresponding population data. The
different groups have been chosen based on their different
population history. Despite a colonization by Great Britain
the genetic impact of Europeans is rather small in Ghana
[4], whereas the influence of France as a colonial power
and Spanish and Portuguese people in terms of trade
relations is much greater in Morocco. Madagascar has been
populated by people from East Africa and Middle East as
well as South and South-eastern Asia in 350BC [5, 6] with
only little influence from Europe even after its detection by
a Portuguese sailor in 1,500.

In addition, we present three maternity and paternity
analyses involving people from Africa which could be
elucidated by the additional use of the Powerplex® ESX17 kit.

Material and methods

Population and DNA samples

Buccal swabs or blood samples were collected from 100
men and 101 women (randomly selected from a group of
5,100 apparently unrelated adults; 20–48 years old) of the
Ashanti population from Ghana, from 53 men and 33
women from Morocco (predominately born and living in
Marracesh; 20–52 years old) and from 110 men and 60
women from Madagascar (18–72 years old). Samples were
obtained and analyzed after advice of the Committee on
Human Research Publication and Ethics (School of
Medical Sciences, Kwame Nkrumah University of Science
and Technology, Kumasi, Ghana) and of the Medical Ethics
Committees of the University of Duisburg-Essen and
University Hospital 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.

Case reports

Case 1: A 15-year-old girl originally coming from Sierra
Leone was found without any personal docu-
ments at the station in Herne and brought to a
children hospital. She claimed that a 30-year-old
woman from Sierra Leone, living in Duisburg
with four other children was her mother. This
woman supported her story, but the immigration
department did not believe it. The father of the
girl was apparently missing.

Case 2: A 31-year-old man from Cameroon with a
German passport applied for the immigration of

two children, whom he claimed as his offspring:
a 15-year-old girl and a 12-year-old boy. The
immigration department requested a paternity
analysis, and samples from both children were
taken in Cameroon and sent to Germany for
genetic analysis. According to the alleged father
the mother of the children was dead.

Case 3: A 42-year-old woman from Nigeria with a
residence permit for Germany presented three
children (a 1-year-old boy, a 6-year-old boy, and
a 7-year-old girl) as her offspring at the
immigration department and requested residence
permit for them. A maternity analysis was
performed involving the alleged mother and the
three children but without the potential father,
who was not available for investigation.

DNA extraction

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

DNA amplification and fragment analysis

The new Powerplex® ESX17 and Powerplex® ESI17 kits
comprise both eleven established STRs and additionally the
loci D1S1656, D2S441, D10S1248, D12S391, and
D22S1045 (in a different order, with different primers and
with different fluorescent labels). The amplification proto-
cols for both kits followed the manufacturer’s instructions
with a reduced PCR volume of 12.5 μl in the GeneAmp®
PCR system 9700 (Applied Biosystems). The employment
of this non-standard reaction was done to safe money for
this study and the following routine investigations and has
been thoroughly and independently tested according to the
existing quality managements [7]. In each amplification a
positive control (100 pg 9947A) and a negative PCR
control (sterile water) were analyzed. Amplification prod-
ucts (0.5 in 12 μl sterile water or formamide with 0.3 μl
ILS500 standard) were separated and detected on an
ABIPrism310 Analyzer (Applied Biosystems) in compari-
son to the allelic ladders which are components of both kits.
Electrophoresis results were analyzed using the GeneMap-
per® ID Software v3.2 with the bin set provided by the
manufacturer (www.promega.com). Allele peaks were
interpreted when greater than or equal to 50 RFUs and
lower or equal to 3,000 RFUs. Each sample was analyzed
with the Powerplex® ESX17 kit, and 25% of the samples
were additionally investigated using the Powerplex® ESI17
kit. All positive controls had to show the expected full STR
profile with allelic peaks between 50 RFUs and 3,000
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RFUs and without allelic drop out or drop in [8]. All other
data were dismissed and analysis was repeated.

Statistical analysis

PowerStats v1.2 was used to evaluate the forensic statistic
parameters [9]. Exact test of population differentiation,
population pair wise genetic distances FST, Hardy–Wein-
berg equilibrium and pairwise exact test of linkage
disequilibrium were all performed using the Arlequin ver.
3.0 software [10].

Results and discussion

Reliability of data

All analyzed samples have been investigated using the
well-established PCR multiplex-kits Powerplex® 16 kit
(Promega) and/or AmpFlSTR Identifiler® kit (Applied
Biosystems) prior to this study. No differences have been
found in comparison between the data from the prior
analysis and the results from this study. Moreover, no
differences could be detected between Powerplex® ESX17
and Powerplex® ESI17 results.

Population statistics

Genotyping of all three populations from Africa resulted in
the allele frequencies and forensic efficiency parameters
given in Table 1 for the five STRs D1S1656, D2S441,
D10S1248, D12S319, and D22S1045, and Electronic
supplementary Tables S1, S2, and S3 for the remaining
eleven STRs from the Powerplex® ESX17 and Powerplex®
ESI17 kits. D22S1045 is the least informative STR in the
populations from Madagascar and Morocco, D2S441 in the
population from Ghana, whereas D1S1656 is the most
informative STR of the five “new” STRs in all populations.
Since alleles were determined in accordance to the STRbase
(http://www.cstl.nist.gov/div831/strbase/) the allele descrip-
tion differs in comparison to those originally published by
Coble & Butler as follows: in D10S1248 minus one repeat
and in D22S1045 plus three repeats [11, 12].

No significant deviations from Hardy–Weinberg-expect-
ations were found. Linkage disequilibrium between the
STRs on the same chromosome (D2S1338 and D2S441, as
well as VWA and D12S391) could not be detected.

Genetic distances were estimated for the five STRs
D1S1656, D2S441, D10S1248, D12S319, and D22S1045
for the three African populations and compared to other
populations as far as possible (see Electronic supplementary
Tables S4–S8 for results and references). We choose
populations from Africa (including Afro-Americans),

Europe (especially southern Europe), and Asia for compar-
ison due to immigration history of Ghana, Madagascar and
Morocco. The allele frequencies for D10S1248 and
D22S1045 described by Coble et al. were converted as
described above. Regarding D12S391, some authors do not
mention x.1 alleles [13]. Therefore, we combined .0 alleles
and .1 alleles in each population for comparison purposes.
Significant differences were detected in D1S1656 for
almost all inter population comparisons with the exception
of the comparison between Ghana and an Afro-American
population [14] and the comparison between Morocco and
a North-African population [15]. A similar picture was
found for D2S441. Regarding D10S1248, no deviations
were found between Ghana and the Afro-American
population [14] between Madagascar and two Asian
populations [14, 16]. In addition, the population from
Morocco showed a rather great similarity to the other
African, Afro-American and even some Asian populations
in D10S1248 and D12S319. Significant differences regard-
ing D22S1045 could be detected for all inter population
comparisons with the exception of the comparison between
Madagascar and China [16].

Case reports

Case 1

A routine investigation using the Powerplex® PP16HS
kit (Promega) of the alleged mother and the child
revealed three potential exclusions in D7S820 (one
repeat difference), D16S539 (one repeat difference), and
Penta E (two repeats difference). Three exclusions are
the minimal requirements in Germany for the exclusion
of paternity or maternity [17]. However, a biological
father–child relationship with three mutations has already
been reported [18] and in our labs three exclusions are in
general not sufficient for the exclusion of the alleged
parent from parenthood. An analysis with the AmpFlSTR
Identifiler® kit confirmed the differences in D7S820 and
D16S539 and showed no other potential exclusions in the
additional loci D19S433 and D2S1338. A verification of
the Penta E exclusion was not possible since this locus is
not included in the AmpFlSTR Identifiler® kit. The
additional analysis of SE33 and eleven X-STRs (method
as described before [19]) did not reveal any more
exclusions. The employment of the Powerplex® ESX17
kit confirmed all prior comparable results and revealed
two further exclusions in D1S1656 and D10S1248 (one
repeat difference each). Therefore, we could successfully
exclude the alleged mother from maternity presenting all
together five excluding loci after investigation of 23
autosomal markers. Nevertheless, it could be assumed
that the woman and the child were closely related.
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Case 2

The routine investigation using the Powerplex® PP16HS
kit and the AmpFlSTR Identifiler® kit of the alleged father
and both children resulted in nine exclusions between
potential father and son, as well as a potential exclusion in
Penta D (two repeats difference) between the alleged father
and daughter. An analysis of eleven X-chromosomal STRs
revealed one further potential exclusion in DXS7424 (one
repeat difference) between alleged father and daughter
(method as described before [19]). The use of the Power-
plex® ESX17 kit demonstrated two additional potential
exclusions in D1S1656 and D10S1248 (two repeats
difference each). Therefore, the alleged father had to be
definitely excluded from paternity for both children.

Case 3

The routine investigation using the Powerplex® PP16HS
kit of the alleged mother and all three children revealed 15
inclusions for the girl, six exclusions for the older boy, and
one potential exclusion in D18S51 (one repeat difference)
for the younger boy. An additional analysis using the
AmpFlSTR Identifiler® kit and the Powerplex® ES kit
resulted in a potential exclusion in SE33 (one repeat
difference) for the girl, two additional exclusions for the
older boy and one additional potential exclusion in
D2S1338 (two repeats difference) for the younger boy No
exclusions could be found for any of the children in eleven
X-chromosomal STRs. The application of the Powerplex®
ESX17 kit displayed no further exclusions for the girl, two
additional exclusion for the older boy and three further
exclusions in D1S1656 (two repeats difference), D12S391
(two repeats difference) and D22S1045 (one repeat differ-
ence) for the younger boy. In summary, we got one
exclusion for the girl, ten exclusions for the older, and five
for the younger boy. Consequently, the alleged mother
could be excluded from maternity for the two boys, but not
for the girl. Here, the one exclusion was handled as a
mutational event. The maternity probability (including only
the STRs from the AmpFlSTR Identifiler® kit) was
calculated as 99.988% (maternity index 8,6418×103, allele
frequencies as published by [20]). Regarding the boys, it
could be assumed that a sister or half-sister of the alleged
mother is the true mother due to the X-chromosomal
results.

Conclusion

In summary, our results show that the new Powerplex®
ESX17 kit (or the Powerplex® ESI17 kit) is a powerful tool
for STR typing in paternity testing in African populations.

Our three case reports underline the demand for an
extended STR typing program in difficult investigations
as it has been proposed by others [18, 21]. The great
number of significant differences even between the African
populations demonstrates the need for further population
studies of other African populations for the five additional
STRs.
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