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Abstract: Forensic DNA analysis makes it possible to provide biostatistically assessable evidence in
criminal proceedings. The basics of these calculations are the allele frequencies or population data used in
the respective calculation models. Here we present a new comprehensive population data collection, which
comprises profiles from our forensic case studies of the last seven years. The data include typing results
using the complete German standard marker set (European standard set plus additional loci D2S1358,
D16S539, D19S433 and SE33) for 10.011 independent genotypes representing the entire forensic case work
of the Leipzig Institute of Legal Medicine from the data collection period, without consideration of the
geographical origin of each sample. Therefore the data collection can be assumed as typical mixed in our
forensic case work. The fact that the exact proportions of individual ethnic groups are unknown should be
compensated by the large number of samples. For statistical evaluation, the allele frequency data of all loci
showed no deviation from the Hardy-Weinberg equilibrium. Compared with the ENFSI data, nearly similar

values were found for the combined genotype frequencies.
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1. INTRODUCTION

Forensic DNA analysis is performed using
common sets of short tandem repeat (STR) loci
which are defined to be typed routinely for entry
of DNA genotype data into national or
international databases [1]. The extension of
core sets of genetic markers used for routine
forensic DNA testing and human identification
will aid international data-sharing capabilities
and reduce the potential for random matches as
DNA databases grow in size [2]. The selection
of STR loci was based on collaborative
exercises from the European DNA Profiling
(EDNAP) Group and the recommendations of
the European Network of Forensic Science
Institutes (ENFSI) [3-5].Thus, the currently
recommended European Standard Set (ESS)
contains the 12 STR lociFGA, THO01, VWA,
D1S1656, D2S441, D3S1358, D8S1179,
D10S1248, D12S391, D18S51, D21S11 and
D22S1045 as a minimum to enable the
international comparison of DNA profiles [3].

There are commercial test Kkits available
providing these markers as well as the additional
loci D2S133, D16S539, D19S433 and SE33,
which are part of several national databases [6-
8].
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For statistical analysis of DNA results each
laboratory initially used its own allele frequency
data specific to the corresponding region [9-13].
At first, only a few frequency data were
available for the new European standard set of
loci [14] until the ENFSI population data were
published for calculations [15]. Since that time
uniform European allele frequency data are
recommended to use and the statements of
reports became more comparable.

In the course of a present increasing global
mixing of populations the impact of allele
frequencies used for statistical calculations has
changed. In Europe, more and more African,
Asian or other foreign people are integrated so
that a clear differentiation is often not possible.
The use of adequate frequency data is thus
becoming increasingly problematic. The best
way to take this situation into account in
statistical evaluations is a much larger frequency
database.

2. MATERIALS AND METHODS

2.1.Sample Collection

In total, 10.011 independent complete genotype
data were evaluated. They were collected in our
forensic case studies over the last years (2011-
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2017) and comprise results of paternity
investigations, reference samples, profiles of
unknown single stain causers and reference
samples from victims or suspects of the whole
forensic case work of the Institute of Legal
Medicine, Leipzig (Germany). Thus, in this
work, DNA profiles of 7046unrelated persons
and 2965 trace samples have been incorporated.
The data were evaluated without reference to the
geographical origin of the samples, representing
a typical mixed population. All incorporated
data were part of already executed investigation.

Subsequent data analysis proceeded anonymous.
The responsible ethics committee was informed
and agreed to analyze the already collected data.

2.2.Data Analysis

All data for the evaluation were independently
confirmed in duplicate with the PCR
amplification kits Power Plex ESI-17 and ESX-
17 (Promega) or the ESS plex SE kit (Qiagen).
It has been verified that each genotype appears
only once in the database. Allele variants within
the allelic ladder were allocated to an allele
number corresponding to their length.

2.3. Allele Frequencies

The Allele frequencies were determined by
counting the alleles in a Microsoft Excel®
spreadsheet. The data were tested for Hardy-
Weinberg Equilibrium (HWE) using the Guo
and Thompson Fisher Exact test algorithm [16]
using GenoProof software (Qualitype GmbH,
Germany).

Based on the allelic frequencies, the following
statistical parameters of genetic and forensic
efficiency have been estimated.

2.4.Heterozygosity (H)

Observed heterozygosity (Hops) is calculated by
dividing the number of heterozygote individuals
at a locus by the total number of all individuals
at that locus. Expected heterozygosity (Hexp) IS
calculated according Edwards et al. 1992 [17]
using GenoProof software package.

2.5.Polymorphism  Information  Content

(PIC)

This parameter indicates the polymorphic level
of a locus and was calculated according [18].

2.6. Power of Discrimination (PD)

It is defined as the probability that two
individuals selected at random from the
population will not have an identical genotype at
the locus [19].
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2.7.Power of Exclusion (PE)

It means the probability of excluding a random
person as the contributor of an allele at the
locus. [PE=H2(1 - (1-H) H?)]

2.8.Data Comparison

The combined genotype frequencies were
calculated for each profile using the current
population data and the ENFSI data [15] with a
minimum frequency of 0.001 per allele. For the
calculation of the ratio between the genotype
frequencies, the ENFSI values were divided by
the Leipzig values.

3. RESULTS AND DISCUSSION

A total of 364 different alleles were determined
in this study by evaluating 10.011 independent
16 STR marker profiles. Only results of
confirmed  duplicate  determinations  and
complete profiles have been included. In
comparison to the ENFSI study, the data show
79 additional alleles in the 16 STR systems
considered. These alleles were observed 148
times in a total of 320.352 counted alleles.
Conversely, 23 alleles of the ENFSI study
(observed 29 times in 161.352 counted alleles)
were not found in our dataset.

As in the ENFSI study, the largest number of
different alleles could be observed for SE33,
D21S11 and FGA. The greater the number of
individual alleles per locus, the higher is their
heterozygosity.  Accordingly, the highest
heterozygosity was found in SE33 with
0.949.The mean value of heterozygosity for the
16 STR loci is 0.826 with the lowest value
observed in D22S1045 (0.730).Observed and
expected allele frequencies for each locus found
to be in Hardy-Weinberg equilibrium (table 1).

The data prove that there is a high level of
polymorphism of the selected microsatellites.
Basically, the number of different detected
alleles depends on the size of the corresponding
database and the geographical spread of the
samples collected in the database. With rising
population size and extended geographical
origin, the number of observed alleles tends to
increase, due to the presence of unique alleles
and alleles which occur in lower frequencies.
Since there are some alleles which were
sampled only once or a few times in a dataset, a
minimal allele frequency of 0.001 s
recommended for forensic calculations [20].

The most common genotype profiles, reflecting
the utility of the assay, were calculated for our
and the ENSFI data using the product rule for
the two most common alleles per locus in each
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dataset [21]. The resulting genotypes were
highly similar (table 2). The only differences

Furthermore, the combined genotype frequency
of all samples was calculated using both sets of

were observed in the loci D12S391 and SE33.

The overall genotype frequencies were
calculated as 1.9 x 10" (current study) and 2.9
x 10" (ENFSI data). This shows the close
resemblance between the allele frequencies of
the two datasets.

Tablel. Statistic parameters of the STR markers

data. The computed values were only slightly
different from each other. The observedratios
(combined genotype frequencyenes/ combined
genotype frequency,.ip;ig) Were calculated to be
0.1275to 5.5296 (table 3), with 96.6 % of the
samples ranging from 0.5 to 2.0.

Marker N Alleles | HET PIC PD PE MEC HWE

D351358 10011 12 0.7937 | 0.7615 0.9045 | 0.5874 0.5892 | confirmed
D195433 10011 25 0.7897 | 0.7626 0.8945 | 0.5801 0.6026 | confirmed
D251338 10011 16 0.8770 | 0.8650 0.9667 | 0.7487 0.7531 | confirmed
D22S1045 | 10011 13 0.7304 | 0.6869 0.8254 | 0.4768 0.5003 | confirmed
D16S539 10011 11 0.7685 | 0.7326 0.8752 | 0.5419 0.5551 | confirmed
D18S51 10011 25 0.8776 | 0.8649 0.9677 | 0.7499 0.7514 | confirmed
D1S1656 10011 28 0.9011 | 0.8926 0.9791 | 0.7977 0.7990 | confirmed
D10S1248 | 10011 13 0.7651 | 0.7272 0.8724 | 0.5360 0.5455 | confirmed
D25441 10011 16 0.7569 | 0.7192 0.8604 | 0.5216 0.5401 | confirmed
THO1 10011 11 0.7873 | 0.7544 0.8971 | 0.5757 0.5807 | confirmed
VWA 10011 12 0.8087 | 0.7819 0.9170 | 0.6153 0.6224 | confirmed
D21S11 10011 32 0.8468 | 0.8293 0.9471 | 0.6886 0.6971 | confirmed
D12S8391 10011 27 0.8896 | 0.8796 0.9735 | 0.7742 0.7776 | confirmed
D8S1179 10011 13 0.8128 | 0.7891 0.9185 | 0.6230 0.6371 | confirmed
FGA 10011 28 0.8650 | 0.8501 0.9602 | 0.7246 0.7274 | confirmed
SE33 10011 81 0.9490 | 0.9466 0.9946 | 0.8962 0.8967 | confirmed

N = population size, HET = heterozygosity, PIC = polymorphism information content, PD = power of
discrimination, PE = Power of exclusion, MEC = mean exclusion chance

Table2. Frequencies of the two most common alleles per locus (most frequent genotype profiles). Alleles in bold
indicate variation between the data sets

Currentdata ENFSI data

most common alleles | genotype frequency | most common alleles | genotype frequency
D3S1358 15 16 0.1223 15 16 0.1284
D19S433 13 14 0.1576 13 14 0.1646
D2S1338 17 20 0.0579 17 20 0.0638
D2251045 15 16 0.2388 15 16 0.2438
D16S539 11 12 0.1813 11 12 0.1833
D18S51 14 15 0.0478 14 15 0.0504
D1S1656 15 17.3 0.0355 15 17.3 | 0.0377
D10S1248 13 14 0.1685 13 14 0.1702
D2S441 11 14 0.1971 11 14 0.1979
THO1 6 9.3 0.1366 6 9.3 0.1389
VWA 17 18 0.1178 17 18 0.1167
D21S11 29 30 0.1011 29 30 0.1009
D12S391 18 21 0.0447 18 20 0.0444
D8S1179 13 14 0.1311 13 14 0.1403
FGA 21 22 0.0657 21 22 0.0645
SE33 19 28.2 0.0112 27.2 28.2 | 0.0116
Combined (P) 1.905E-17 2.954E-17

Table3. Ratio of the combined genotype frequencies of both datasets (genotype frequencyenrs/ genotype
frequency (eipzig)-Shown are 5 samples with the lowest and highest combined values ranging from 0.1275 to
5.5296.

P07953 |P07952 | P05118 |P04321 |P06349 |P00774 |P04461 |P09904 |P00459 |P0110
3

1.0165
1.0501
1.0489

sample

0.9057
0.8638
0.9449

1.0344
1.0330
0.9839

0.9990
1.0444
0.9665

1.0110
1.0387
0.8983

1.0496
1.0919
1.0093

D351358
D195433
D251338

1.0110
0.8685
1.0093

0.9008
0.9867
0.8937

1.0344
1.0501
1.0145

1.0110
0.8145
0.9305
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D22S1045|1.0151 |1.1119 |1.0151 |1.0622 |1.0209 |1.1119 |1.0146 |1.0209 |1.0209 |1.0209
D16S539 |0.9058 |1.0252 |0.8321 |1.0574 |1.0110 |0.9709 |1.0545 |1.0258 |0.9709 |1.0258
D18S51 |0.7544 |0.8235 |0.7936 |1.1024 |0.9256 |0.8988 |1.1193 |[1.0233 |[1.0409 |1.1830
D1S1656 |0.9646 |0.8960 |0.8885 |0.9977 |0.9778 |1.0964 |0.9953 |[1.0073 |0.9893 |1.0960
D10S1248|1.0097 |0.8946 |1.0369 |1.0097 |1.0603 |1.0325 |1.0249 |0.9760 |[1.0097 |1.0603
D2S441 |1.0041 |1.0041 |0.6114 |1.0041 |0.9525 |0.9525 [0.9844 |1.1795 |0.9994 |0.9994
THO1 0.5475 |0.5475 |0.5426 |0.9988 |0.7781 |0.7852 |1.0054 |1.0083 |1.0054 |1.0079
VWA 1.0339 [0.9978 |0.9769 |0.9697 |0.9906 |0.9697 |1.0262 |0.9978 |1.0861 |1.0264
D21S11 |1.0479 |1.0904 |1.0177 |0.2506 |0.4604 |0.9990 |0.9616 |1.0098 |[1.0274 |0.9186
D125391 |0.9078 |0.9279 |0.9926 |0.9886 |1.0176 |1.0048 |0.9886 |0.8995 |[0.9721 |1.2267
D8S1179 |0.8919 |0.9380 |0.8502 |0.8820 |1.0071 |1.1525 |1.0701 |1.0777 |1.1607 |1.1607
FGA 0.5471 |0.5379 |1.0304 |1.0533 |0.8905 |[1.1379 |[1.0867 |1.0508 |0.8648 |0.9406
SE33 0.8074 |0.9355 |0.8074 |0.8963 |1.0114 |[3.2142 |2.6752 |3.0713 |3.0135 |2.6973
combined |0.1275 |0.1565 |0.1576 |0.1917 |0.2284 |[3.5436 [3.7000 [3.7259 |3.9299 |5.5296
values

The frequency data and the resulting statistical [6] Schneider P. M., Expansion of the European

parameters make our database suitable for use in Standard Set of DNA Database Loci — the

forensic case work. This allows us to provide current situation, Profiles in DNA 12, 6-

the most comprehensive population data set ever 7(2009). )

evaluated for this application. The data can be  [7] ,EUdeE B., GRe J.',\/Icrakrajbortty 'T-aPE'Se?li_erg
f ; . J., Green R., Mulero J. et al. Population

used prlmar!ly for the_European population, but genetic analyses of the NGM STR Iocip, nt. 1.

also for mixtures with persons of unknown Legal Med. 125, 101-9(2011)

origin. There is a high degree of consistency ege B '

between our frequency data and the currently [8] "l'/lucker V. C., Hopwood A. J., Sprecher C. J,

cLaren R. S., Rabbach D. R., Ensenberger M.

used ENFSI data, so a summary of both data G., Thompson J. M., Storts D. R,

sets would be possible. We believe that, due to Developmental validation of the PowerPlex ESI

the large sample size, the data collected are 16 and PowerPlex ESI 17 Systems: STR
particularly well-suited for robust statistical multiplexes for the new European standard,

assessments. If endorsed by the Stain Forensic Sci. Int. Genet. 5, 436-448(2011).

Commission, these data could be uniformly [9] Curi¢ G., Gasié¢ V., Pluzari¢ V., Smilj¢i¢ D.,

recommended for statistical calculations and Genetic parameters of five new European

could provide the basis for appropriate computer Standard Set STR loci (D10S1248, D22S1045,
programs. D2S441, D1S1656, D12S391) in the population
of eastern Croatia, Croat. Med. J. 53(5), 409-
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