
Abstract The allele frequency distributions of three com-
plex STRs, ACTBP2 (SE33), D21S11 and HUMFIBRA/
FGA in the population of Galicia were investigated.
Analysis was carried out under denaturing conditions and
fluorescent detection in the ALF DNA sequencer and typ-
ing was made by comparison with sequenced allelic 
ladders. No significant deviations from Hardy-Weinberg
equilibrium were observed. No significant differences
were found between our data and other Caucasian popula-
tion data. ACTBP2 seems to be one of the most informa-
tive and polymorphic STRs.
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Introduction

Complex STRs such as ACTBP2 (Polymeropoulos et al.
1992), D21S11 (Sharma and Litt 1992) and HUMFI-
BRA/FGA (Mills et al. 1992) are gaining increasing at-
tention due to their forensic usefulness. Here we present
genetic data from the Galician population from these three
systems. Results were compared with other population
studies and some statistical parameters indicating the use-
fulness of these systems in forensics are reported. No de-
viation from Hardy-Weinberg equilibrium was observed
in any of the systems.

Material and methods

The PCR reaction was carried out with 1–5 ng DNA, 0.25 µM
each primer and 1 U Taq DNA polymerase in 25 µl. Primer se-
quences and cycling conditions were as previously described for

ACTBP2 (Wiegand et al. 1993), D21S11 (Möller et al. 1994), and
HUMFIBRA/FGA (Mills et al. 1992).

Separation and detection of the amplified products were carried
out under denaturing conditions in an automated laser fluorescent
(ALF) DNA sequencer (Pharmacia) (Pestoni et al. 1995). Typing
was made by comparison with the sequenced allelic ladders. The
ACTBP2 ladder was kindly provided by the Institute of Legal
Medicine, Münster, Germany (Möller and Brinkmann 1994) and
D21S11 and HUMFIBRA/FGA ladders by the Forensic Science
Service, Birmingham, UK (Gill et al. 1996).

Results and discussion

Population data from Galicia for these three systems are
shown in Tables 1 and 2. For the ACTBP2 system, the
consensus nomenclature based on the number of repeats
of the highly variable region proposed by the GEDNAP
group was adopted (Schneider et al. 1998) as previously
reported by Rolf et al. (1997) and Liu et al. (1997). This
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Table 1 ACTBP2 allele frequencies in a population of Galicia
(number of individuals: 184)

Allele (bp size) Frequency Allele Frequency

12 (233) 0.005 24.2 (283) 0.035
12.2 (235) 0.011 25.2 (287) 0.014
13 (237) 0.016 26.2 (291) 0.043
13.2 (239) 0.005 27.2 (295) 0.060
14 (241) 0.046 28 (297) 0.003
15 (245) 0.038 28.2 (299) 0.098
16 (249) 0.073 29.2 (303) 0.049
17 (253) 0.071 30.2 (307) 0.052
18 (257) 0.106 31 (309) 0.003
19 (261) 0.079 31.2 (311) 0.016
20 (265) 0.046 32.2 (315) 0.014
20.2 (267) 0.003 33 (317) 0.003
21 (269) 0.030 33.2 (319) 0.003
21.2 (271) 0.008 34.2 (323) 0.003
22 (273) 0.005 36 (329) 0.003
22.2 (275) 0.027 37 (333) 0.005
23.2 (279) 0.027



nomenclature together with the nomenclature based on
the size of the fragments (Gill et al. 1997; Dupuy and
Olaisen 1997) are shown in Table 1. For D21S11 and

HUMFIBRA/FGA, a nomenclature based on the number
of tetrameric repeats (Möller et al. 1994; Gill et al. 1996)
as recommended by the EDNAP group (Gill et al. 1997)
was used.

No significant differences (P < 0.05) were found be-
tween our data and other European Caucasian populations
using an exact test (Raymond and Rousset 1995) (Table
3). Separation under denaturing conditions and the use of
standard sequenced allelic ladders are essential in order to
compare the results of the ACTBP2 system (Lareu et al.
1992, 1998; Schneider et al. 1998). For this reason, the
comparison of populations for ACTBP2 was only carried
out between our data and the data obtained following the
conditions described above.

Some statistical parameters showing the forensic use-
fulness of these three systems are shown in Table 4. No
deviations from Hardy-Weinberg equilibrium were ob-
served in any of the systems using the exact test (Guo and
Thompson 1992). Application of interpretative guidelines
such as the ± 0.5 bp rule and the shift calculation (Gill et
al. 1996) for detecting intermediate alleles has proved to
be useful when assigning alleles but some of the samples
of the ACTBP2 system had to be re-run on a different gel
to confirm the results.

Paternity cases where parenthood had been confirmed
were used to search for mutations but none were observed
in a total of 469 meioses (ACTBP2: 161; D21S11: 156;
HUMFIBRA/FGA: 152 total paternal and maternal
meioses).
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Table 2 FGA and D21S11 allele frequencies (Galicia)

Allele Frequency Allele Frequency
(n: 189) (n: 188)

HUMFIBRA D21S11
18 0.011 < 26 0.003
19 0.068 27 0.035
19.2 0.008 28 0.125
20 0.132 29 0.229
20.2 0.011 30 0.271
21 0.167 30.2 0.045
21.2 0.003 31 0.048
22 0.214 31.2 0.106
22.2 0.013 32 0.003
23 0.140 32.2 0.090
23.2 0.003 33.2 0.035
24 0.087 34.2 0.003
24.2 0.005 35 0.005
25 0.093
26 0.034
27 0.008
28 0.003

FGA nomenclature: Gill et al. (1996); D21S11 nomenclature:
Möller et al. (1994). n: number of individuals

Table 4 Statistical parameters
showing the high forensic use-
fulness of the systems. The
power of discrimination (PD)
was calculated following
Fisher’s method (Fisher 1951),
heterozygosity value (h) and
chance of exclusion (CE) were
calculated as described by Nei
and Roychoudhury (1974) and
Ohno et al. (1982), respectively

ACTBP2 D21S11 HUMFIBRA/FGA
(n: 184) (n: 188) (n: 189)

h obs. 0.913 0.819 0.825
h exp. 0.944 ± 0.0207 0.834 ± 0.02808 0.869 ± 0.0276
PD 0.995 0.949 0.968
PD combined 0.99999
CE 0.882 0.670 0.733
CE combined 0.990

Table 3 Comparison of allele frequencies for FGA, D21S11 and
SE33 between the Galician population and other European Cau-
casian populations. Two Asian populations (Chinese and Japan-

ese) are also included. P: p value of the exact test of population dif-
ferentiation (no steps in the Markov chain: 10000; no of dememo-
rization steps: 1000); n: number of individuals

Francea Germanyb, c Hollandd Hungarye Sloveniaf UKg Chinab, c Japanb, c

FGA
Galicia P: 0.9185 P: 0.061 P: 0.5851 P: 0.7209 P: 0.5092 P: 0.0784 P: 0.3397 P: 0.3827

n: 232 n: 453 n: 205 n: 127 n: 237 n: 602 n: 95 n: 136

D21S11
Galicia P: 0.9934 P: 0.6308 P: 0.3376 P: 0.8332 P: 0.2917 P: 0.4606 P: 0.0000 P: 0.0000

n: 232 n: 408 n: 205 n: 127 n: 210 n: 602 n: 97 n: 133

Cataloniah Valenciai Portugalj Switzerlandk Chinal Japanl

SE33
Galicia P: 0.9938 P: 0.8354 P: 0.9905 P: 0.9731 P: 0.0217 P: 0.0307

n: 154 n: 185 n: 144 n: 197 n: 179 n: 164

a Rousselet et al. 1997; b Rolf et al. 1998; c Brinkmann et al. 1996; d Ovington et al. 1997; e Kozma et al. 1998; f Zupanic et al. 1998; g Evett
et al. 1997; h Gené et al. 1996; i Pestoni et al. 1998; j Souto and Vide 1996; k Dimo-Simonin et al. 1998; l Liu et al. 1997
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