
Abstract A multiplex reaction for the eight STR loci
D3S1358, FGA, D8S1179, D21S11, D18S51, D5S818,
D13S317, D7S820 was used to generate allele frequency
databases for two Hungarian population samples, Cau-
casians from the Budapest area and Romanies from
Baranya county. During the analysis two intermediate-
sized alleles and a sequence variant allele were observed
at the D7S820 locus. All three types of allelic variants were
found to have modifications in the same block of a (T)9
stretch located within the 3′ flanking region of each allele,
which may indicate a possible higher mutation rate of this
(T)9 block. For the loci D3S1358 and D7S820 the Romany
population database showed departures from Hardy-Wein-
berg equilibrium. The forensic efficiency values for the
Romany population were slightly different from those
found in the Hungarian Caucasian population. Comparing
the allele frequency values by G-statistic, calculating the
FST indices and with the pair-wise comparisons of inter-
population variance, the two Hungarian populations could
be distinguished using data from the eight STR loci.
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Introduction

In the last decade STR profiling has gained a central role
in forensic identification and paternity testing. Using the

STR markers in genetic investigations of the representa-
tive groups of human population, it also becomes possible
to rapidly obtain information about the scale of population
genetic effects caused by several factors such as inbreed-
ing and substructuring [1, 2, 3]. Among the Hungarian in-
habitants, the Romanies represent one of the most rele-
vant ethnic groups of the population. Several studies on
STRs have been carried out on the Hungarian Romanies
[4, 5, 6]. The aim of this study was to generate and evalu-
ate genotype databases of eight additional STRs for a Ro-
many as well as a reference Caucasian population sample
by analysing the loci D3S1358, FGA, D8S1179, D21S11,
D18S51, D5S818, D13S317, and D7S820.

Materials and methods

Blood samples were collected from 223 unrelated Hungarian Cau-
casian individuals (116 males and 107 females) living in the Bu-
dapest area (Central Hungary) and 206 unrelated Romany individ-
uals (79 males and 127 females) residing in Baranya county (south-
western Hungary). The former sample was used as a reference group
for the mixed character of the Hungarian population, because the
samples were collected in a blood bank and were of mixed back-
ground.

DNA samples (0.5–2 ng) were coamplified using reagents pro-
vided in the AmpFlSTR Profiler Plus PCR amplification kit. The
PCR products were analysed by fluorescence-based automated de-
tection and capillary electrophoresis system on an ABI PRISM 310
Genetic Analyzer. All procedures were carried out in accordance
with the manufacturer’s instructions (PE Applied Biosystems, Fos-
ter City, Calif.). Genotyping was performed using the GeneScan
Analysis v2.1 and Genotyper v2.0 software. Allelic designation was
done according to Bär et al. [7].

About 100 ng of genomic DNA from samples with intermedi-
ate-sized alleles on locus D7S820 were amplified for sequencing
analysis using published primers (GenBank G08616). The purifi-
cation of PCR products was carried out with the Qiaquick PCR pu-
rification kit (Qiagen, Hilden, Germany). PCR products of 9var/10
and 8var/8 alleles were cloned in pGEM-T (Promega, Madison,
Wisc.) and sequenced on an ABI PRISM 310 Genetic Analyzer us-
ing the ABI PRISM d-Rhodamine Terminator Cycle Sequencing
Ready Reaction kit (Perkin-Elmer). Sequencing was done with for-
ward as well as reverse primers.

Possible divergence of population data from Hardy-Weinberg
expectations (HWE) was determined by the exact test [8]. The al-
lele frequency profile comparisons were performed by G-statistic
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test using a software for R × C contingency tables. Population sub-
structure was measured by calculating the unbiased single-locus
coancestry coefficient FST (θ) [9] and its Φ-statistic analogue ΦST
in the analysis of molecular variance (AMOVA) [10, 11] using the
software ARLEQUIN v1.1.

Results and discussion

A sub-sample of both populations had already been
analysed for the vWA locus and published previously [4,
12], but no essential differences were found between the
allele frequency distributions of the sub-samples and those
with the increased number of samples.

No significant differences in electrophoretic mobility
were observed between the same STR alleles using the
ABI Prism 310 instrument. Due to the high resolution
power of this capillary electrophoresis system, two inter-
mediate-sized alleles could be detected at the locus
D7S820. The genotypes with variant alleles were 9var/10
and 8var/8. PCR products of each genotype were cloned
and in order to exclude cloning artefacts, at least two clones
of each allele were completely sequenced. The sample
carrying the 9var allele was from the Central Hungarian
population database, and the 8var allele was detected in
the blood sample of an Albanian male from Yugoslavia.
The variant alleles were designated as 9.+1 and 8.-1 ac-
cording to their sequence structure (Fig.1.). Allele 9.+1
was found to have a T insertion in the (T)9 stretch located
within the 3′ flanking region, while the allele 8.-1 lacked
a T in this stretch. In the 9var/10 sample the allele 10
showed a sequence variation because a T→A transversion
could be observed at the end of the (T)9 block. This vari-
ation was found in all six sequenced clones of allele 10.
The variant sequences may suggest that the (T)9 block is
the polymorphic part of the locus D7S820 due to its rela-
tively high mutation rate. This hypothesis should be con-
firmed by examining further sequences from the 3′ flank-
ing region of parent-child genotype pairs. Some poly-A
tracts (poly-T on the opposite strand) belonging to Alu
repetitive elements are known to be polymorphic [13] and
Alu sequences are often associated and probably actively
involved in the genesis of short repeat sequences [14, 15].

However, the sequence 3′ of the (T)9 block does not show
any homology with an Alu repetitive element. We also
checked with the computer program BLAST [16] if this
poly-T track could be part of a retrotransposed pseudo-
gene, but no significant homology with genes known at
present was found (search effected via the www. interface
at the NCBI, http://www.ncbi.nlm.nih.gov, 4. 20. 1999).
However, 100% homology was found with the human PAC
clone DJ0649P17 (GenBank AC004848). The sequence
of the entire D7S820 locus is contained in this clone which
has been located at 7q11.23-q21 and thus permits a more
refined localisation of D7S820 so far localised only to 7q
[17].

The Hungarian Romany allele frequency values (Ta-
bles 1, 2, 3) for all loci were significantly different from the
Hungarian Caucasian population data (P ≤ 10–3). There was
evidence of departures from HWE for the loci D3S1358
and D7S820 in the Romany population sample (Table 4).
These departures are likely to be sampling effects but could
also be due to inbreeding effects in such a genetically
closed subpopulation. Comparing the allele frequency val-
ues of the Central Hungarian population database with
other Caucasians by G-statistics, there were small discrep-
ancies at the loci FGA, D8S1179, D21S11, D18S51 be-
tween the STR data presented here and an Italian [18] as
well as a south-western Hungarian [19] database. Other
population databases showed no differences [20, 21, 22].
The combined forensic efficiency values observed in the
Romany population sample for the eight loci (PM = 1.2 ×
10–9, PE = 0.99931) were slightly different from those
found in the Hungarian Caucasian database (PM = 2.5 ×
10–9, PE = 0.99975) (PM = matching probability, PE =
power of exclusion). Despite the higher observed het-
erozygosity values of the Caucasians, the summarised PM
value proved lower in the Romany population. Calculat-
ing Wright’s FST indices for the two populations, a rela-
tively high level of FST values (Table 4) were found for
the eight loci compared to the previous observations in
other Caucasian populations [1, 3]. At four loci this ge-
netic correlation was reinforced by Φ-statistics, where ge-
netic variation was considered at the molecular level. The
results of pair-wise population comparisons were very sim-
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Fig.1 Sequence structure 
and fragment length of four
D7S820 alleles. 8.-1 and 9.+1
are intermediate-sized alleles;
10 was found to be a sequence
variant allele as compared to
the published reference se-
quence (GenBank G08616)
containing 12 (GATA) repeats.
For sequencing the original
STS primers were used that
differ from the primer pair
contained in the kit and thus
lead to shorter PCR products
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ilar to the findings described previously, where a signifi-
cantly smaller Romany population sample (135 individu-
als) was analysed [4, 5, 6].

In conclusion, two Hungarian population databases have
been established for eight STR loci using multiplex am-
plification and an automated fluorescent detection system.
During the analysis two intermediate-sized alleles and a
sequence variant allele were observed at the D7S820 locus.
Significant differences were found between the Caucasian
and the Romany population database by performing G-
and F-statistics. The results suggest that the possibility of
population differentiation should be taken into account in
the calculation of match probabilities in Hungarian foren-
sic cases.

Table 1 Allele frequency val-
ues of the STR loci in the Hun-
garian Caucasian (N = 446)
and Romany (N = 412) popu-
lation (BuCa = Hungarian Cau-
casians residing in the Budapest
area, BaRo = Hungarian Ro-
manies residing in Baranya
county)

Allele D3S1358 FGA D18S51

BuCa BaRo BuCa BaRo BuCa BaRo

10 0.002
11 0.002 0.016
12 0.112 0.080
13 0.007 0.150 0.107
14 0.087 0.032 0.170 0.109
15 0.247 0.255 0.119 0.194
16 0.244 0.245 0.002 0.002 0.112 0.109
17 0.231 0.138 0.117 0.277
18 0.161 0.313 0.020 0.083 0.032
19 0.020 0.015 0.076 0.165 0.052 0.083
20 0.002 0.157 0.109 0.043 0.005
21 0.195 0.083 0.016
21.2 0.002
22 0.191 0.150 0.007
22.2 0.011 0.022
23 0.114 0.121 0.005
23.2 0.002 0.007
24 0.123 0.248
24.2 0.004 0.005
25 0.056 0.056 0.002
25.2 0.004 0.017
26 0.040 0.015

Table 2 Same legend as 
Table 1, but with different loci Allele D8S1179 D5S818 D13S317 D7S820

BuCa BaRo BuCa BaRo BuCa BaRo BuCa BaRo

7 0.004 0.009 0.012
8 0.011 0.015 0.002 0.137 0.199 0.143 0.078
9 0.016 0.002 0.040 0.049 0.096 0.117 0.137 0.160
9.+1 0.002

10 0.076 0.024 0.078 0.061 0.049 0.049 0.294 0.129
11 0.081 0.141 0.318 0.231 0.327 0.180 0.235 0.512
12 0.182 0.153 0.370 0.507 0.260 0.367 0.150 0.095
13 0.287 0.257 0.166 0.148 0.092 0.075 0.025 0.015
14 0.240 0.163 0.020 0.005 0.038 0.015 0.004
15 0.083 0.194
16 0.020 0.049
17 0.002 0.002
18 0.002

Table 3 Same legend as 
Table 1, but a different locus Allele D21S11

BuCa BaRo

26 0.002
27 0.049 0.005
28 0.191 0.100
29 0.195 0.279
29.2 0.002
30 0.217 0.143
30.2 0.049 0.068
31 0.063 0.051
31.2 0.096 0.083
32 0.011 0.002
32.2 0.076 0.214
33.2 0.040 0.039
34.2 0.007 0.017
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Locus Ho Exact test (P) PD PE Genetic structure

BuCa BaRo BuCa BaRo BuCa BaRo BuCa BaRo FST ΦST

D3S1358 0.771 0.723 0.788 0.023 0.926 0.898 0.587 0.527 0.020 0.023
FGA 0.928 0.878 0.870 0.859 0.937 0.959 0.722 0.704 0.021 0.004a

D8S1179 0.919 0.767 0.349 0.084 0.895 0.944 0.625 0.649 0.014 0.017
D21S11 0.931 0.806 0.669 0.351 0.942 0.948 0.707 0.669 0.022 0.052
D18S51 0.917 0.830 0.875 0.295 0.951 0.952 0.764 0.678 0.022 0.006a

D5S818 0.863 0.655 0.646 0.736 0.843 0.841 0.491 0.425 0.017 0.001a

D13S317 0.890 0.714 0.808 0.244 0.892 0.917 0.589 0.570 0.022 0.007a

D7S820 0.879 0.621 0.314 0.011 0.896 0.850 0.599 0.467 0.068 0.012

Table 4 Statistical values of the population genetic survey in
Hungarian Caucasians and Romanies (Ho = observed heterozygos-
ity, PD = power of discrimination, PE = power of exclusion, BuCa
= Hungarian Caucasians residing in the Budapest area, BaRo =

Hungarian Romanies residing in Baranya county). a The popula-
tion pair-wise FST or ΦST value represents no statistically signifi-
cant difference at the P = 0.05 level


