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Abstract. Allele and genotype frequencies for STR marker SE33 were determined in a sample of

1614 unrelated Germans, ascertained through routine paternity cases. Many rare alleles were

observed. A significant deviation from Hardy–Weinberg equilibrium was noted in the underlying

population which was mainly attributable to the over-representation of genotypes otherwise expected

to be rare. D 2005 Published by Elsevier B.V.
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1. Introduction

STR locus SE33, a complex tetranucleotide, is one of the most informative and

polymorphic genetic markers used in forensics. Since the practical application of a

polymorphic marker requires the availability of a suitable profile database from the

reference population, we carried out a detailed analysis of the allele frequencies and other

parameters of SE33 in our laboratory.

2. Materials and methods

EDTA–blood samples of unrelated individuals were selected from routine paternity

cases. DNAwas extracted by the salting out procedure [1]. STR locus SE33 was amplified
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Table 1

SE33 allele frequencies

SE 33

Allele Quantity Frequency Allele Quantity Frequency Allele Quantity Frequency

8 0 0.0000 17.2 1 0.0003 27.2 25.4 0.0787

9 0 0.0000 17.3 3 0.0009 27.3 0 0.0000

10 0 0.0000 18 214 0.0663 28 2 0.0006

10.2 0 0.0000 18.2 1 0.0003 28.2 28.2 0.0874

11 5 0.0015 18.3 3 0.0009 29 4 0.0012

11.2 2 0.0006 19 230 0.0713 29.2 217 0.0672

12 19 0.0059 19.2 16 0.0050 30 0 0.0000

12.2 1 0.0003 20 191 0.0592 30.2 190 0.0589

13 22 0.0068 20.2 23 0.0071 31 3 0.0009

13.2 6 0.0019 21 98 0.0304 31.2 82 0.0254

13.3 0 0.0000 21.2 61 0.0189 32 2 0.0006

14 87 0.0270 22 35 0.0108 32.2 32 0.0099

14.2 6 0.0019 22.2 82 0.0254 33 17 0.0053

14.3 0 0.0000 23 3 0.0009 33.1 0 0.0000

15 111 0.0344 23.2 127 0.0393 33.2 16 0.0050

15.2 1 0.0003 24 0 0.0000 34 11 0.0034

15.3 7 0.0022 24.2 90 0.0279 34.2 5 0.0015

16 148 0.0458 25 3 0.0009 35 2 0.0006

16.1 3 0.0009 25.2 135 0.0418 35.2 2 0.0006

16.2 3 0.0009 26 1 0.0003 36 3 0.0009

16.3 2 0.0006 26.2 177 0.0548 37 2 0.0006

17 182 0.0564 27 2 0.0006 38 1 0.0003

M. Krause et al. / International Congress Series 1288 (2006) 400–402 401
in a monoplex polymerase chain reaction (PCR). Some of the PCR product were analysed

on an ABI prism k 310 Genetic Analyzer (Applied Biosystems) according to

manufacturer’s recommendations.
Table 2

Analysis of Hardy–Weinberg equilibrium

Number of different alleles observed 56

Number of different genotypes observed 343

Number of unrelated individuals genotyped 1614

Observed number of homozygotes 68

Expected number of homozygotes under Hardy–Weinberg condition 84.1

v2 for the comparison between observed and expected number of homozygotes 3.260

p-value (v2 distribution with one degree of freedom) 0.07101

v2 (CHIGEN) for the comparison between observed and expected genotype

frequency spectrum, i.e. taking all observed genotypes into account

5293.707

PVLGEN 0.00062

PVLMCMC 0.00000

PVLGEN: Since CHIGEN includes many genotypes with small expected frequencies under Hardy–Weinberg conditions, the

corresponding p-value could not be determined by large sample approximation. It had to be determined by simulation instead. To

this end, pairs of alleles were drawn from the observed set of alleles, randomly and without replacement, thereby generating a

new, equally sized genotype set under Hardy–Weinberg conditions. This procedure was repeated 1 million times for each marker.

The empirical p-value (PVLGE) equals the relative number of times the v2 for a simulated genotype set was larger than the

(actually observed) CHIGEN.

PVLMCMC: Instead of performing a v2 test, comparing observed and expected genotype frequencies, compatibility with Hardy–

Weinberg conditions can also be assessed by taking into account that the exact genotype distribution would be a hypergeometric

one. This is analogous to using Fisher’s exact test, instead of a v2 test, to analyse ordinary contingency tables. However because

of the large number of possible genotypes, the p-value could not be determined by exhaustive permutation but had to be

approximated by simulation. An implementation of the Monte-Carlo Markov Chain (MCMC) method described by Guo and

Thompson [2] was chosen for this purpose.



Table 3

Overexpression of genotypes

Genotype Observed Expected p-value

12–35.2 2 0.01 0.00007

12–16.2 3 0.02 b0.000001

15.3–23.3 5 0.28 b0.000001

16.1–30.2 3 0.18 0.00014
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Allele frequencies were estimated from the genotype numbers observed in the sample

(gene counting method). A possible deviation from Hardy–Weinberg equilibrium (HWE)

was tested for statistical significance in three ways, namely by (i) a comparison of the

observed and expected homozygote frequency using a v2 test with one degree of freedom,

(ii) a v2-based permutation test taking the complete genotype distribution into account, and

(iii) a Monte-Carlo Markov Chain (MCMC) exact test [2].

The paternity index (PI) and power of exclusion (PE) were calculated by Huston [3].

3. Results and discussion

SE33 allele frequencies as estimated from our North German sample (Table 1) were found to be

comparable to those previously obtained in the German population [4]; no significant differences

were observed to publicly available data from other parts of the country.

The sample of 1614 individuals comprised 343 different genotypes for SE33. These were

analysed for Hardy–Weinberg equilibrium as outlined in Table 2.

After Bonferroni correction, four genotypes were found to be significantly over-represented in the

database (Table 3).

The power of exclusion (PE) of SE33 was estimated to be 0.867, and a typical paternity index

(PI) would be 7.69.
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