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A B S T R A C T

A concordance study of the results of PowerPlex1 ESI 17 and AmpF‘STR1 NGM SElectTM kits obtained

from 591 individuals from Somalia (N = 198), Denmark (N = 199) and Greenland (N = 194) was

performed. Among 9456 STR types, seven discordant results were found with the two kits: one observed

in the D19S433 system in an individual from Denmark and six in the SE33 system in six individuals from

Somalia. Sequencing of SE33 in the six samples with discordant results showed G > A transition 15 bp

downstream of the repeat unit in three of the individuals, and G > A transition 68 bp downstream of the

repeat unit in the other three individuals. Population data for 16 autosomal STR systems analyzed in 989

individuals from Somalia, Denmark and Greenland are also presented. The highest mean heterozygosity

was observed in Danes (82.5%). With the exception of D8S1179 in Danes, no significant deviations from

Hardy–Weinberg expectations were observed. Only one pair of systems (D12S391 and D18S51) showed

significant allelic association in Greenlanders (after Holm-Šidák correction). A MDS plot drawn from

pairwise FST values calculated between 21 populations showed a clear displacement of the Greenlandic

population versus the other ones included in the analyses. The highest combined chance of exclusion and

power of discrimination was observed for Danes reaching values of 99.9999987% and 1 in 1.8 � 1021,

respectively.

� 2014 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

In order to improve the international comparison of DNA
profiles and decrease the probability of false matches, the
European Standard Set (ESS) loci was extended in 2009 from 7
to 12 autosomal STR loci [1]. Consequently, a number of new STR
commercial kits that include the extended ESS loci have been
developed by several companies, e.g. PowerPlex1 ESI 17
(Promega) and AmpF‘STR1 NGM SElectTM (Life Technologies –
LT). Both kits include the same 16 autosomal STR loci and the
Amelogenin locus.

A concordance study between the PowerPlex1 ESI 17 and
AmpF‘STR1 NGM SElectTM kits was performed in our laboratory
using DNA from three population samples: Somalis, Danes and
Greenlanders. Moreover, a new allele frequency database was built
for the 16 autosomal STRs included in the two kits for the three
* Corresponding author. Tel.: +45 35326283; fax: +45 35326120.
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studied populations. Population and forensic statistical parameters
are presented.

2. Materials and methods

2.1. Populations and samples

A total of 989 samples from presumably unrelated individuals
from Somalia (N = 198), Denmark (N = 597) and Greenland
(N = 194) were selected for this study. The samples were collected
from paternity and family reunion cases investigated at the Section
of Forensic Genetics, Department of Forensic Medicine, Faculty of
Health and Medical Sciences, University of Copenhagen, Denmark.

The work was approved by the Danish ethical committee (H-1-
2011-081).

2.2. DNA extraction

DNA from around 60% of the samples was extracted from blood
by using the QIAamp DNA blood mini kit (Qiagen GmbH, Hilden,
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Germany). The remaining 40% of the samples were investigated by
direct PCR on 1.2 mm disks punched from saliva stains collected on
FTA1 cards (Whatman Inc., Clifton, NJ).

2.3. STR genotyping and quality control

DNA samples from 591 individuals from Denmark (N = 199),
Greenland (N = 194) and Somalia (N = 198) were typed using both
AmpF‘STR1 NGM SElectTM (LT) and PowerPlex1 ESI 17 (Promega)
amplification kits containing the following autosomal STRs:
D10S1248, D12S391, D16S539, D18S51, D19S433, D1S1656,
D21S11, D22S1045, D2S1338, D2S441, D3S1358, D8S1179, FGA,
SE33, TH01, VWA. Furthermore, 398 more samples from Denmark
were typed using only the AmpF‘STR1 NGM SElectTM kit (LT). The
samples were amplified in a 10 mL reaction volume. A number of
25, 26 or 27 thermo cycles were used for the NGM SElectTM kit and
28 thermo cycles were used for the ESI 17 kit. PCR products were
electrophoresed on a 3130xL Genetic Analyzer (LT). Alleles were
assigned using GeneMapper ID 3.2 or GeneMapperID-X software
(LT). All samples were typed in duplicates (using one or two kits) at
the laboratory of the Section of Forensic Genetics, Department of
Forensic Medicine, Faculty of Health and Medical Sciences,
University of Copenhagen that is accredited according to the ISO
17025 standard.

2.4. SE33 system

Six DNA samples were sequenced for the SE33 STR system. The
DNA was first amplified by PCR using specific primers for the SE33
system (Table 1).

A library was built from the PCR products following the
manufacturer’s instructions (Roche, Rapid Library (RL) preparation
method manual, May 2010; rev. June 2010) and using six RL
Multiplex Identifier (MID) adaptors. Emulsion PCR (emPCR) and
pyrosequencing was subsequently performed according to the
emPCR amplification method manual – Lib L- (Roche, May 2010;
rev. June 2010) and the sequencing method manual (Roche, May
2010; rev. June 2010), respectively. A 454 GS Junior (454 Life
Sciences, Branford, CT, USA) was used for the pyrosequencing.
Sequencing data was scrutinized using the BioEdit Sequence
Alignment Editor [2].

Three of the DNA samples with discordances in the SE33 system
were further typed with the PowerPlex1 ESI 17 Pro kit (Promega)
following the manufacturer’s instructions.

2.5. Population and forensic genetic parameters

Population genetic parameters, such as allele frequencies,
Hardy–Weinberg equilibrium (HWE), allelic association, AMOVA
and pairwise FST values were calculated using the Arlequin 3.5
software [3]. Allele frequencies of the 16 STRs were used to
calculate pairwise FST values for each STR system between the
following 19 populations: Denmark, Somalia, Greenland (this
study); CEPH populations from Africa, Middle East, Europe,
America, East Asia, South Asia, Oceania [4]; Madagascar, Morocco
Table 1
PCR primers used to amplify the SE33 STR system for sequencing.

Sample Primers Sequence 50-30 Product size (bp) Ref.

1, 2, 3, 5, 6 Forward 1 AAAGAAGGCTGGGCACTGT 676 [20]

Reverse 1 GCGGTGATAGCATCATCCAT

4 Forward 2 CAGTGAGCCGAGGTCATG 392 [19]

Reverse 2 GGCAAGGACAAGGTTCTGTG
[5]; Afro Americans and Hispanics [6]; Germany [7]; Poland [8];
Spain [9]; Basques [10]; Brazil [11]. Moreover, FST distances were
also obtained for 15 of the 16 STRs (SE33 was excluded) using allele
frequencies from the 19 populations listed above and the
POPTREE2 software [12]. The SE33 system was not included in
the analyses due to limited published data. The resulting FST values
were represented in a multidimensional scaling (MDS) plot using
SPSS Statistics for Windows, ver. 17.0 (Chicago SPSS Inc.).
Statistical significance for multiple tests was corrected using the
Holm-Šidák procedure [13].

Statistical parameters of forensic interest such as power of
discrimination (PD) and chance of exclusion (CE) were calculated
using the formulas from Fisher [14] and Ohno [15], respectively.
Typical paternity indices (defined as the product of the geometric
mean per system [16]) for trios and duos were estimated using
DNA VIEWTM version 28.103 [17].

3. Results and discussion

3.1. Concordance between ESI 17 and NGM SElectTM results

Seven discordant results were found when analyzing 591
individuals with both the ESI 17 and the NGM SElectTM kits. One of
the seven discordances was observed with the D19S433 system in
one of 199 samples from Denmark. The sample was typed as
D19S433*13,15 with the ESI 17 kit and D19S433*15 with the NGM
SElectTM kit. A mutation, if located on the primer binding site,
could explain the discordancy observed for the D19S433 system. A
silent allele, probably caused by a G > A transition 32 bp
downstream of the D19S433 repeat region, was previously
observed in a Japanese population analyzed with the AmpF‘STR1

1 Identifiler1 kit (LT) [18]. Six discordant results were observed
in SE33 among 198 Somalis. In three of the six samples a
heterozygote versus an apparently homozygote discordance was
observed (Table 2). In the other three samples, an intermediate X.3
allele was observed with the ESI 17 kit, while an X.2 allele was
observed with the NGM SElectTM kit (Table 2). No discordance
between the results obtained with NGM SElectTM and ESI 17 Pro
kits was observed for the three intermediate alleles in the SE33
system.

3.2. The SE33 system

Sequencing results of the SE33 system are shown in Table 2. In
each of the three samples with a heterozygote/apparent
homozygote discordance, a G > A transition 15 bp downstream
of the repeat unit was observed. This mutation, if located in the
primer binding region of the reverse primer of SE33 in the NGM
SElectTM kit could explain the observed results. In each of the
samples with differences in the intermediate allele X.2 vs. X.3, a
G > A transition was observed 68 bp downstream of the repeat
unit. This G > A transition has previously been observed in an
African American individual, eight individuals with African
ancestry and one of Caucasian ancestry [19,20]. Four SNPs within
a polymorphic region located between 58 bp and 70 bp down-
stream of the repeat unit of the SE33 system have been described
[19,20]. Such polymorphisms shift the electrophoretic mobility of
the amplicons due to changes in the secondary structure of the
polymorphic region [19,20]. While the SE33 amplicons obtained
using the NGM SElectTM and the ESI 17 Pro kits do not include this
polymorphic region, this region is included in the amplicons
obtained with the ESI 17 kit. Differences in the sequence of the
polymorphic region will result in different electrophoretic
mobility of the SE33 alleles amplified with the ESI 17 and the
NGM SElectTM kits.



Table 2
Samples sequenced for the SE33 system. STR types obtained with the ESI 17 and NGM SElectTM (NGMS) kits, sequence of the repeat units and the mutation found downstream

of the repeat unit.

Sample ESI17 NGMS Sequence (repeat unit) Mutation

1 16 – (AAAG)2-AG-(AAAG)3-AG-(AAAG)16-G-(AAAG)3-AG G > A 15 bp downstream

25.2 25.2 (AAAG)2-AG-(AAAG)3-AG-(AAAG)9-AAAAAG-(AAAG)15-G-AAGG-(AAAG)2-AG

2 13.2 – (AAAG)2-AG-(AAAG)17-G-(AAAG)3-AG G > A 15 bp downstream

30.2 30.2 (AAAG)2-AG-(AAAG)3-AG-(AAAG)10-AG-(AAAG)20-G-AAGG-(AAAG)2-AG

3 16 – (AAAG)2-AG-(AAAG)3-AG-(AAAG)16-G-(AAAG)3-AG G > A 15 bp downstream

17 17 (AAAG)2-AG-(AAAG)3-AG-(AAAG)17-G-(AAAG)3-AG

4a 14.3 14.2 (AAAG)2-AG-(AAAG)18-G-(AAAG)3-AG G > A 68 bp downstream

17 17 (AAAG)2-AG-(AAAG)3-AG-(AAAG)17-G-(AAAG)3-AG

5a 15.3 15.2 (AAAG)2-AG-(AAAG)19-G-(AAAG)3-AG G > A 68 bp downstream

25.2 25.2 (AAAG)2-AG-(AAAG)3-AG-(AAAG)9-AAAAAG-(AAAG)15-G-AAGG-(AAAG)2-AG

6a 16.3 16.2 (AAAG)2-AG-(AAAG)20-G-(AAAG)3-AG G > A 68 bp downstream

18 18 (AAAG)2-AG-(AAAG)3-AG-(AAAG)18-G-(AAAG)3-AG

a Samples 4, 5 and 6 were also typed with the ESI 17 Pro kit. The SE33 types obtained with the ESI 17 Pro kit were identical to those obtained with the NGM SElectTM kit.
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3.3. Population and forensic parameters

Allele frequencies of the 16 autosomal STRs in Somalis, Danes
and Greenlanders are shown in Supplementary material 1. The
observed heterozygosity ranged from 0.479 (HUMTH01 in
Greenlanders) to 0.970 (SE33 in Danes). The lowest mean
heterozygosity was observed in the population in Greenland
(0.734) and the highest mean value was observed in the Danish
population (0.825). With the exception of the D8S1179 system in
Danes, no deviation from Hardy-Weinberg expectation was
observed after Holm-Šidák correction (Supplementary material
1). Significant allelic association (P < 0.05 after Holm-Šidák
correction) was only detected in one out of 120 pairwise
comparisons (D12S391-D18S51) in the population in Greenland.
The two STR systems located at the same chromosome (D12S391
and vWA) showed significant association (P < 0.05) in Green-
landers before the Holm-Šidák correction.

The AMOVA analysis performed for the three studied popula-
tions showed that around 4% of the overall genetic variation could
be explained by differences among populations (FST = 0.039;
P < 0.00001). Statistical significant FST values (P < 0.00001) were
also observed for the three pairwise comparisons, with values of
0.025 between Danes and Somalis, 0.047 between Danes and
Greenlanders and 0.056 between Greenlanders and Somalis.
Fig. 1. MDS plot drawn from pairwise FST values calculated from allele frequencies o

Stress = 0.086 (b). Population abbreviations are as follows: CAFR: CEPH Africa; MAD: Mad

East; CEEU: CEPH Europe; DEN: Denmark; GER: Northern Germany; POL: Poland; SPA: S

East Asia; CSAS: CEPH South Asia; GRL: Greenland; COCE: CEPH Oceania.
The STR allele frequencies obtained in this study for Somalis,
Danes and Greenlanders were compared with STR allele frequen-
cies from other populations. Pairwise FST values calculated for each
STR system are shown in Supplementary material 2. The two
highest FST values were observed for the TH01 system between
Greenland and CEPH-Oceania (0.337) and for the D2S441 system
between Morocco and CEPH-Oceania (0.299). Pairwise FST values
were also calculated for 15 of the 16 STR systems (excluding SE33)
and presented in an MDS plot (Fig. 1). The populations in
Greenland, CEPH-America and CEP-Oceania showed a very distant
position from any of the other populations included in the analysis
(Fig. 1a). In order to better observe the relative location of the other
16 populations, an MDS plot was drawn excluding the populations
of Greenland, CEPH-America and CEPH-Oceania (Fig. 1b). As shown
in Fig. 1b, the 16 populations included in the MDS plot tend to
group according to their geographic origin. Both Somalis and Danes
group together with other Africans and Europeans, respectively. As
expected, the genetic heterogeneity among African populations is
higher than that observed among Europeans. Populations from
Middle East, South America and North Africa present intermediate
positions being closer to Europeans than to Asians or Africans.

Statistical parameters of forensic interest calculated for each
STR and population are shown in Supplementary material 1. The
combined CE was 99.9999971% for Somalis, 99.9999987% for
f 15 autosomal STR loci in 19 (a) and 16 populations (b). Stress = 0.148 (a) and

agascar; SOM: Somalia; AFAM: Afro American; MOR: Morocco; CEME: CEPH Middle

pain; BAS: Basques; CAME; CEPH America; HIS: Hispanics; BRZ: Brazil; CEAS: CEPH
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Danes and 99.99984% for Greenlanders. The combined PD values
ranged from a value of 1 in 6.5 � 1016 in Greenlanders to 1 in
1.8 � 1021 in Danes. The typical paternity index estimated for duos
was 1.81 � 106, 2.05 � 106 and 9.48 � 104 in Somalis, Danes and
Greenlanders, respectively. The estimated typical paternity index
for trios was 1.43 � 109 in Somalis, 1.66 � 109 in Danes and
27.4 � 106 in Greenlanders.

This short communication follows the guidelines for publica-
tion of population data requested by the journal [21].
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