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Abstract In order to apply a set of nine STR loci in
parentage testing, we performed a population genetic
study on a sample of the Flemish population. Genotypes
for HUMHPRTB, HUMFABP, HUMCD4, HUMCSF1PO,
HUMTHO1, HUMPLA2A, HUMPLA2A1, HUMF13A01,
HUMCYARO4 and HUMLIPOL were determined using
three triplex PCR reactions and silver staining. Allele fre-
guencies showed no deviation from Hardy-Weinberg equi-
librium. The frequency distribution agreed well with other
Caucasian populations but three intermediate fragments,
not previously found in Caucasians, were observed. We
then resolved a series of 151 parentage disputes of which
103 were exclusions. In six cases, evidence for exclusion
was obtained by only one informative STR locus out of
eight for male children or out of nine for female children.
These exclusions were confirmed with additional poly-
morphic markers. In one case of inclusion, a paterna al-
lele expanded with one repeat unit of HUMHPRTB. This
observation illustrates that STRs do not differ from other
genetic systems in the fact that more than one excluding
locus is required before exclusion is demonstrated.

Key words DNA polymorphism - Short tandem repeats
(STRs) - Paternity testing

Introduction

The application of the nine STR loci previously described
(Alford et al. 1994; Edwards et al. 1992; Hammond et al.
1994) for identity and parentage testing is attractive for
several reasons; (1) data from nine loci can be obtained
from three triplex reactions, (2) aleles of the three simul-
taneously applied loci are well separated on polyacryl-
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amide gels, (3) alleles are unambiguously identified by
the number of repeats and (4) PCR can be used for minute
samples such as buccal swabs.

With the number of alleles ranging from 6 to 12, these
STRloci are known to be highly informative and the com-
bined use of nine such systems should be highly discrim-
inatory for application in individual identification and
parentage testing.

Here we analyse a population sample from Flanders
(Dutch speaking part of Belgium) for HUMHPRTB,
HUMFABP, HUMCD4, HUMCSF1PO, HUMTHOL1,
HUMPLA2A1, HUMF13A01, HUMCYAR04 and
HUMLIPOL and report on our experience with these nine
STRsin paternity testing.

Materials and methods
Population and family studies

Peripheral blood samples were collected with informed consent
and according to the ethical standards of the Center.

Techniques

DNA was extracted according to Miller et al. (1988). PCR ampli-
fication of the nine STR loci was as published (Alford et al. 1994).
After electrophoresis on a 6% (w/v) (39:1 acrylamide:bisacryl-
amide, 7 M urea) 0.4 mm thick gel, alleles were revealed by silver
staining (Nelis et al. 1996). On the gel, each paternity trio (mother,
child, aleged father) was flanked by a complete allelic |adder.

Conformity of the observed genotype frequencies with Hardy-
Weinberg expectations was tested based on the exact (E) test from
Guo and Thompson (1992) and using the GENEPOP computer
program (Raymond and Rousset 1995). Comparison of the allelic
frequency profiles was done using R x G contingency tables cal-
culated by satistical software (StatMost 2.01, DataMost Corp.,
Salt Lake City, UTA, USA). A P-value of less than 0.05 was con-
sidered significant. The power of exclusion for individual loci was
determined according to Garber and Morris (1983) and for com-
bined loci according to Morris (1983).
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Table1l Alléele frequenciesfor
nine STR laci in the Flemish

Allele number, number of alleles, frequency + standard error

HUMFABP (n = 426) HUMCDA4 (n = 432)

10 250 492+ 22 7 138 318+21
11 72 142+15 8 175 342+21
12 26 51+10 11 1 02+0.2
13 140 27620 12 156 305+ 20
14 17 3.3+08 13 15 29+07
15 3 0.6+ 0.3 14 2 04+03

HUMTHOL (n = 490) HUMPLA2A1 (n = 510)

5 1 02+0.2 10 12 24+07
6 116 237+19 11 230 451+22
7 66 135+ 15 12 70 13.7+15
8 66 135+15 13 6 1.2+05
9 71 145+ 1.6 14 2 141+15
9.3 166 339+21 15 63 124+15
10 4 08+04 16 56 11.0+14
17 1 0.2+x0.2

HUMCYARO04 (n = 518) HUMLIPOL (n = 518)

5 186 359=+21 9 9 1.7+0.6
6 79 153+16 10 237 458+ 2.2
6A 1 02+0.2 11 141 27.2+20
7 50 9.7+13 12 103 199+18
8 7 14+05 13 26 50+10
9 8 15+05 14 2 04+03

10 171 330+21

11 16 31+08

12 1 0.2+x02

population HUMHPRTB (n = 315)

0 3 0905
10 1 0303
11 39 125:18
1A 1 03%03
12 114  364:26
12A 1 03:03
13 90  284x24
14 50 165+ 20
15 13 43x11
16 3 0905
HUMCSFLPO (n = 492)

8 5 1005

9 15 30+08
10 111 226+19
11 157  319%21
12 170  346x21
13 30 61xll
14 4 0804
HUMF13A01 (n = 486)

32 39 8012

4 26  53:10

5 92  189+18

6 132 27.2%20

7 171 35222

8 8  16+06

0 3 0604
10 5 1005
11 5 1005
12 2 0403
14 1 0200
15 2 0403

Results

Allele frequencies of nine STRsin the Flemish population
are summarised in Table 1 and experimentally obtained
heterozygosity and power of exclusion for each locus are
presented in Table 2. The combined calculated power of
exclusion for the eight loci without HUMHPRTB is
99.58% and for the nine loci 99.81%. P-values for con-
cordance between the observed frequency and the Hardy-
Weinberg expectation were calculated for each locus with
the exact (E) test and ranged between 0.141 + 0.016 and
0.612 + 0.063 (Table 3). For HUMHPRT, intermediate al-
leles between 11 and 12 and between 12 and 13 repeti-
tions of [AGAT] were found. Another allele between 6
and 7 repetitions of [AAAT] was found for HUMCYARO04
(Table 1). The combination of the nine STRs was applied
in 151 paternity disputes of which 103 turned out to be ex-
clusions. Figure 1 shows the frequency distribution of the
number of excluding informative STR loci in the 103
cases of excluded paternity.

Table2 Statistics for parentage studies in the Flemish population
Het: heterozygosity %; Pcalc: calcualted power of exclusion;
Pexp: experimetally observed power of exclusion

Locus Het (%) Pcalc Pexp
HUMHPRTB 71.8 55.3 66.0
HUMFABP 65.3 44.2 31.7
HUMCD4 67.7 44.0 455
HUMCSF1PO 75.2 42.1 449
HUMFTHO1 76.5 59.0 515
HUMPLA2A1 70.7 54.6 60.4
HUMF13A01 74.1 545 49.5
HUMCYARO4 715 49.8 54.5
HUMLIPOL 66.0 45.8 337
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Table3 Empirical levels of

significance of E-test for Locus P-value 3?;‘” d
hardy-Weinberg. For the X-
linked locus HPRTB. only — HprTB 0302 0028
ignd uggj FABP 0.500 0.025
CDh4 0.311 0.022
CSF1PO 0.612 0.063
THO1 0.407 0.030
PLA2A1 0.525 0.041
F13A01 0.365 0.027
CYAR04 0.141 0.016
LIPOL 0.246 0.029
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Fig.1 Number of excluding STR loci for 53 female (a) and 51
male (b) children with excluded paternity. The expected number of
excluding loci was calculated by the normal law (a mean 4.41,
0 1.53; b mean 3.63, s 1.31). Both distributions show an excess of
cases with a low number of excluding loci. B, no. of excluded
cases; O, expected no. of excluded cases

Discussion
Allele frequencies

The experimental frequencies of genotypes do not signifi-
cantly differ from the Hardy-Weinberg expectation (Table
3; dl P-values higher than 0.05).

For eight out of nine of the STR loci, the al€lic
frequency distribution in this Flemish population corre-
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sponds well with the American Caucasians published by
Edwards et al. (1992) and Hammond et al. (1994). For
HUMHPRTB, HUMFABR, HUMCD4, HUMCSF1PO,
HUMTHO1, HUMPLA2A1, HUMCYARO4 and HUM-
LIPOL the P-values are 0.85, 0.19, 0.40, 0.12, 0.64, 0.84,
0.64 and 0.094 respectively. Only for F13A01 did we ob-
serve asignificant difference in allele profile (P = 0.0053).
The American Caucasian population can be considered as
a mixture of European populations. For HUMTHO1, a
thoroughly studied locus, there were no significant differ-
ences in comparison to the Dutch (Serps et a. 1995) (P =
0.18), Swiss (Hochmeister et al. 1995) (P = 0.58), Hun-
garian (Furedi et al. 1996) (P = 0.11), Croatian (Kubat et
al. 1995) (P = 0.62) and Basqgue populations (Alonso et al.
1995) (P = 0.43). The HUMTHOL alldic profile of the
Turkish population (Alper et a. 1995) however, showed a
clear difference from the Flemish (P = 0.000002). This
corresponds with the results of the study by Alper et al.
(1995), reveding significant frequency differences for
HUMTHOL adleles between the German and Turkish
population but not between two Turkish subpopulations,
one residing in Turkey, the other in Belgium. For
HUMCSF1PO, no significant differences were demon-
strated in comparison with the Swiss (Hochmeister et al.
1995) (P = 0.45) and the Hungarian populations (Furedi et
a. 1996) (P = 0.069). For HUMHPRTB, the frequency
distribution agreed well with the Hungarian population
(Furedi et a. 1996) (P = 0.79). For the studied STR loci,
the Caucasian populations thus appear to be a relatively
homogeneous group.

Intermediate alleles

Intermediate allele 6A of locus HUMCYARO4 was for-
merly reported in Blacks (Hammond et a. 1994)) and was
also found here in the Flemish Caucasian population. Al-
lele 11A has been found before (Edwards et al. 1992) for
locus HUMHPRTB in the Mexican-American population
and was also found in Flemish Caucasians. Furthermore,
for the same locus, we also found a 12A intermediate al-
lele. It would be of interest to sequence these allelesin or-
der to define the variation or mutation mechanism con-
cerning these repeat sequences.

Mutation

A full-length repeat addition at locus HUMHPRTB was
found in one paternity case. The child had aHUMHPRTB
allele, not inherited from the mother and also not present in
the aleged father. The eight other STR loci did not ex-
clude paternity and gave a probability of paternity of W =
99.951%. Additional evidence for inclusion was gathered
by typing for HLA DRB1 and HLA DQBL1 loci and for
the VNTRs D17S5 and D1S80. These supplementary typ-
ings did not exclude paternity. Combining the STR and
VNTR data gave a probability of inclusion of W =
99.998%. Expansions or insertions of small oligonu-
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cleotide (2—4) repeats seem to be mainly of paternal origin
(Weber and Wong 1993), while a more locus dependent
behaviour has been observed for VNTR loci (Henke and
Henke 1995). Until now, the mechanism of mutation is
not well understood and complex mechanisms have been
proposed (Jeffreys et al. 1994). Since HUMHPRTB is
only included in paternity analysisin cases of female chil-
dren, we have examined only 48 meioses. The observed
mutation thus yields a mutation rate of 2.1%, a mislead-
ingly elevated estimate caused by the small sample size.
Mutation incidences of 0.2 and 0.7% have been reported
for other STR systems (Brinkmann et al. 1995). Probably
only by accumulating data from parentage cases from dif-
ferent laboratories, can adequate estimates be made.

Paternity testing

While Alford et a. (1994), in 13 paternity cases examined
with the same 9 STR systems, found no exclusion based
on only one locus, we observed this event in 6 out of 103
(5.8%) cases of exclusion. Thisisillustrated by Figure 1,
showing a shift of the number of excluding loci to lower
numbers. In all these cases, additional evidence was ob-
tained by HLA-typing and/or VNTR-typing. As men-
tioned before, we have also experienced one case of mu-
tation. Eventually, it must be clear that also the highly ac-
claimed PCR STR systems do not differ from any other
genetic system in the aspect that an isolated exclusion
should not be sufficient to exclude paternity.

When only STR systems are used, typing of nine (eight
for male children) loci seems aminimal requirement to be
able to conclude on included paternity.
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