
Abstract A population study of Hungarian Romanies
was carried out on the STR loci HumLPL, HumF13B,
HumFES and HumF13A01. There was little evidence for
association of alleles within/between the four STR sys-
tems. Allele frequency distributions were significantly
different between the Romany and the previously reported
Central Hungarian population databases. Population dif-
ferentiation was estimated by computing F- and Φ-statis-
tics as well as frequency estimate differences of individ-
ual phenotypes for these two population samples. The re-
sults suggest that the population structure may have an ef-
fect on the interpretation of forensic DNA evidence in
Hungary. Phylogenetic tree reconstruction with six popu-
lations from three major ethnic groups revealed a rela-
tively distant genetic relationship of the Baranya Roma-
nies with other Caucasian populations.

Key words Multiplex STR profiling · Automated DNA
sequencer · Romany (Gypsy) population · Population 
genetics · Hungary

Introduction

With the advent of STR profiling it has become possible
for forensic scientists to rapidly gain a reliable impression
of the scale of population genetic effects caused by sev-
eral factors such as inbreeding and substructuring [1].

Due to their relatively high proportion (approx. 6%)
among the Hungarian inhabitants the Romanies represent
one of the most relevant groups of the Hungarian popula-
tion. Previous papers [2, 3] have shown that population
studies in the Hungarian Romanies can be of great impor-
tance from the viewpoint of the examination of population
differentiation. This paper provides additional population
genetic data of a Hungarian Romany population on the
STR loci HumLPL [4], HumF13B [5], HumFES [6] and
HumF13A01 [7].

Materials and methods

Blood samples were collected from 135 unrelated Romany indi-
viduals residing in Baranya county (south-western Hungary).
DNA samples (2–4 ng) were amplified using reagents provided in
the GenePrint Singleplex and Fluorescent FFFL Quadruplex STR
Systems (Promega, Madison, Wis.) according to the manufac-
turer’s instructions. The PCR products were analysed on sequenc-
ing gels with silver staining [8] as well as on an ALF DNA se-
quencer (Pharmacia) [3]. The allele sizing accuracy of the ALF
DNA sequencer was evaluated as previously described [3].

Possible divergence from Hardy-Weinberg expectations (HWE)
was determined by the exact test [9]. An expectation maximization
(EM) algorithm [10] was used to test allelic independence between
STR loci. The frequency profile comparisons were performed us-
ing a computerized G-statistic test. Population substructure was
measured by calculating the unbiased single-locus “coancestry co-
efficient” FST [11] and its Φ-statistic analogue ΦST [12, 13] using
the software ARLEQUIN v1.0. Interpopulation differences were
evaluated computing the differences between the respective log
likelihood ratio estimates (log LRs) of each multi-locus profile
from the databases to be compared. LRs for every member of the
databases were considered as the inverse of the profile frequency
estimates calculated from each population database. Phylogenetic
trees were reconstructed using the software PHYLIP v3.5c [14] to
evaluate genetic distances between population pairs. The standard
genetic distance Ds [15] and the Ddm or (δµ)2 [16] distance were
used as distance matrices for the construction of unrooted Neigh-
bour-Joining trees.

Results and discussion

Both singleplex amplification with manual typing and
multiplex fluorescent analysis gave the same typing re-

S. Füredi · Z. Kozma · J. Woller · Z. Pádár · M. Angyal ·
I. Bajnóczky · K. Nishi

Population genetic data on four STR loci 
in a Hungarian Romany population

Int J Legal Med (1998) 112 :72–74 © Springer-Verlag 1998

Received: 15 January 1998 / Received in revised form: 3 April 1998

SHORT COMMUNICATION

S. Füredi (Y) · J. Woller · Z. Pádár
Department of Biology, Institute for Forensic Sciences, 
P.O. Box 314/4, H-1903 Budapest, Hungary

Z. Kozma · M. Angyal · I. Bajnóczky
Department of Forensic Medicine, 
Medical University School of Pécs, P.O. Box 99, 
H-7643 Pécs, Hungary

K. Nishi
Department of Legal Medicine, 
Shiga University of Medical Science, Seta, Tsukinowa-cho, 
Otsu, Shiga, 520–21 Japan



sults. An extremely high allele sizing accuracy (99.97%
on average for individual samples) was achieved by 
applying external (allelic ladder) and internal (150 and
271 bp) markers on the ALF DNA sequencer.

In the Romany population sample the exact test
showed evidence of departure from HWE for the locus
HumLPL (Table 1). Using the EM method there was evi-
dence for the FES/F13A01 pair (P = 0.003) that the popu-
lation sample deviates from expectations of allelic inde-
pendence between the STR loci. These departures are
likely be sampling effects but could also be due to in-
breeding effects in such a genetically closed subpopula-
tion.

The Hungarian Romany allele frequency values (Table 1)
for all loci were significantly different from a Central
Hungarian population database [8, 17] (P ≤ 10–3). The
combined forensic efficiency values observed in the 
Romany population sample [PD(4 loci) = 0.9995;
MEC(4 loci) = 0.9125] were slightly smaller than those
found in the Central Hungarian database. Calculating
Wright’s FST indices for the two populations a relatively
high level of FST values (Table 1) was found for the STR
loci as compared to the previous observations in other
Caucasian populations [1]. For the F13B and F13A01 loci
this genetic correlation was reinforced by Φ-statistics,
where genetic variation was considered at the molecular
level. In the interpopulation comparison with respect to
individual phenotypes 13.4% of the four-locus profiles

had LR estimates differing by more than one order of
magnitude (Fig. 1). These results suggest that the possi-
bility of population differentiation should be taken into
account in the calculation of match probabilities in Hun-
garian forensic cases.

In search of the relationship between the Baranya Ro-
many population and the major population groups, phylo-
genetic trees were constructed. Using the allele frequency
data of the four STR loci with an addition of the four sup-
plementary microsatellites (VWA, TH01, TPOX, CSF1PO)
analysed previously [3] both distance matrices gave the
similar tree topology (Fig. 2). The US Caucasian [18],
Polish [19] and Central Hungarian [8, 17] populations
formed the Caucasian group to which the Romanies are
genetically related. The Chinese [20] and the African
American [18] samples were clearly separated from the
Caucasian group by showing long branches.
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Table 1 Observed allele frequencies, homozygosities, and statis-
tical data for the four STR loci in 135 unrelated Hungarian Roma-
nies

Allele LPL F13B FES F13A01

3.2 0.081
4 0.044
5 0.381
6 0.207 0.233
7 0.196
8 0.241 0.007
9 0.063 0.189

10 0.289 0.359 0.182
11 0.278 0.004a 0.437
12 0.370 0.374
13 0.004
14 0.030
15 0.026
17 0.004

Observed homozygosity 34.8% 23.7% 37.0% 25.2%
Exact test b 0.015 0.595 0.055 0.606
FST

c 0.018 0.008 0.020 0.034
ΦST

c 0.004 0.028 0.006 0.012

a Allelic designation of this PCR fragment was confirmed by se-
quencing analysis determining a previously published [AAAT]11
sequence motif [21]
b These values are probability values
c Statistics for the estimation of the locus specific genetic variabil-
ity between the Baranya Romany and the Central Hungarian pop-
ulations [8, 17]

Fig. 1 Distribution of the log LR differences derived from the
Baranya Romany and Central Hungarian population databases for
358 four-locus STR profiles. The percentage of samples exceeding
any given value shown on the X axis is plotted

Fig.2 Unrooted Neighbor-Joining tree based on the genetic dis-
tance Ds. The numbers at each node refer to the bootstrap values
obtained in 1000 replications
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