DNA ANALYSIS

doi: 10.3325/cmj.2010.51.515

Genetic Variation at 15
Polymorphic, Autosomal,
Short Tandem Repeat Loci of
Two Hungarian Populations in
Transylvania, Romania

Aim To determine allele distribution and genetic param-
eters for two populations living in the Romanian region of
Transylvania: Hungarians from Cluj and Szeklers from Co-
vasna county, and to compare the results between the
two populations and with other Hungarian and Romanian
populations.

Methods Allele frequencies for 15 autosomal STR loci
(D8S1179, D21S11, D75820, CSF1PO, D3S1358, THO1,
D13S317, D165S539, D251338, D195433, VWA, TPOX,
D18S51, D5S818, and FGA), several forensic parameters,
and paternity parameters were determined for Szekler
Hungarians of Covasna county (CV-Sze, n=278) and non-
Szekler Transylvanian Hungarians, who were represented
by Hungarians from Cluj county (CJ-Hu, n=146).

Results Average expected heterozygosity was above 70%.
The combined power of discrimination and combined
power of exclusion values were high. All tested loci were in
agreement with Hardy-Weinberg equilibrium, with the ex-
ception of the CSF1PO locus for Covasna county. Pairwise
population comparison tests and exact population differ-
entiation tests showed no significant differences between
the CJ-Hu and CV-Sze populations, and the CV-Sze group
showed greater differences from other Romanian popula-
tions than did the CJ-Hu group.

Conclusion Hungarians from Cluj show greater genetic
heterogeneity than Szeklers from Covasna. The loci test-
ed are suitable for studying micro-differentiation between
these two populations, and between these populations
and other populations in Hungary and Romania.
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DNA ANALYSIS

Since its introduction 25 years ago, DNA fingerprint ana-
lysis has become a major tool in diagnosing and treating
disease, forensic identification, taxonomy, phylogenet-
ics, and other applications (1,2). Microsatellites, also called
simple sequence repeats or short tandem repeats (STR),
are among the most polymorphic DNA markers. These
sequences of 2-6 basepairs are easily amplified by poly-
merase chain reaction (PCR) and show widespread and
uniform distribution throughout the genome. They show
a high level of polymorphism, which is relatively stable (3).
These properties of STR loci make them suitable for numer-
ous genetic, forensic, and medical applications.

According to the 2002 census in Romania (4), 19.6% of the
residents of the Transylvania region belong to the Hun-
garian ethnic group, with most of them living in the Sze-
kler (Székely) counties of Covasna and Harghita. Earlier
genetic studies have suggested that ancient Hungarians
and Szekler Hungarians separated from each other more
than 1000 years ago. Some centuries ago, the two Szekler
groups separated from each other, which affected the ge-
netic structure of these groups (5). In the last decade, ge-
netic parameters for the Szekler population (HR-Sze) and
Csangd population (HR-Csn) from Harghita have been
published (6), but no population study has been conduct-
ed on Szekler communities from Covasna and other, non-
Szekler Hungarians, from Transylvania.

This study sheds light on the genetic makeup of Hungar-
ian communities from Transylvania by determining CODIS
STR allele frequencies, as well as forensic and paternity data
for the Szekler Hungarians of Covasna county (CV-Sze) and
non-Szekler Hungarians of Cluj county (CJ-Hu).

Using allele frequencies, we carried out pairwise compari-
sons and differentiation tests to test the following hypoth-
eses:

1. There is significant genetic distance between the non-
Szekler Hungarians (CJ-Hu) and the Szekler populations
(HR-Sze and CV-Sze), which indicates genetic isolation of
the two Szekler groups from the other Hungarian commu-
nities living in Transylvania.

2. There is significant genetic distance between the two
Szekler populations (HR-Sze and CV-Sze), which reveals ge-

netic isolation of the Szekler communities.

3.There is a positive correlation between geographical
distance and genetic distance when ethnic Hungar-
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ian populations in this study are compared with other eth-
nic Romanian populations.

4. As a result of population migration and ethnic cross-
breeding, non-Szekler Hungarians in this study show
greater genetic heterogeneity than do Szekler Hungar-
ians.

MATERIALS AND METHODS
Population

The samples for this study were collected from 424 unre-
lated, healthy Caucasian individuals of Hungarian ethnicity
from Covasna (n=278) and Cluj (n=146) counties, in Tran-
sylvania, Romania. The sample sizes for both counties were
sufficiently large for forensic study (7). All participants were
volunteers who gave their oral consent in compliance with
the ethical norms set by Romanian legislation. The study
protocol was approved by the ethics committee of Babes-
Bolyai University.

Extraction

Genomic DNA was extracted from whole blood using the
Promega SV Wizard Genomic DNA Purification Kit (Pro-
mega, Madison, WI, USA), following the manufacturer’s
recommendations (8). Standards of the Interdisciplinary
Research Institute on Bio-Nano-Sciences were strictly ap-
plied when handling the blood samples, and standard pre-
cautions for DNA analysis (9,10) were taken.

Polymerase chain reaction

PCR amplifications were performed using the AmpFISTR
Identifiler PCR Ampilification kit (Applied Biosystems, Carls-
bad, CA, USA) according to the manufacturer’s recommen-
dations (11).

Typing

PCR products were analyzed using an ABI PRISM® 310 Ge-
netic Analyzer (Applied Biosystems). The following 15 loci
were tested: D851179, D21511, D75820, CSF1PO, D351358,
THOT1, D13S317, D165539, D251338, D195433, VWA, TPOX,
D18S51, D5S818, and FGA. Alleles of these loci were iden-
tified according to recommendations of the International
Society for Forensic Genetics (9), the International Society
of Forensic Hemogenetics (10), the European Network of
Forensic Science Institutes, and the Council of the Europe-
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an Union (12,13), with the aid of the AmpFISTR Identifiler
Allelic Ladder.

Data analysis

Allele frequencies and statistical data on heterozygosity,
matching probability, power of discrimination (PD), power
of exclusion (PE), polymorphism information content, and
typical paternity index (Pl) were obtained using the Pow-
erStats workbook template, version 1.2 (Promega) in Mi-
crosoft Excel (14). Tests measuring the possible departures
from the Hardy-Weinberg expectations were performed
with the Arlequin software, version 3.5 (15).

In order to match the two populations with each other
and with other Hungarian and Romanian populations,
pairwise comparison tests (F_) and exact population dif-
ferentiation tests (exact tests) were performed using the
Arlequin software. Previously published allele frequencies
from the following populations were compared with CV-
Sze and CJ-Hu: Szeklers from Harghita county (HR-Sze) (6),
Csangds from Harghita county (HR-Csn) (6), Romanians
from the Bucharest area (B-Ro) (16), Western Romanians
(West) (17), and the general populations of Transylvania
(TRS) (18), Moldavia (Moldavia) (19), the Dobruja region,
located between the lower Danube River and the Black
Sea (Dobruja) (20), and the Wallachia region of Romania
(Wallachia) (21).

RESULTS

Allele distribution and forensic and paternity-related ge-
netic parameters were determined for two Hungarian
populations from Transylvania (Figure 1): Szeklers from Co-
vasna county (n=278) and non-Szekler Hungarians from
Cluj county (n=146). Allele frequencies, Hardy-Weinberg
equilibrium (HWE) test results, and statistical parameters
such as matching probability, PD, polymorphism informa-
tion content, PE, and Pl are summarized in Tables 1 and 2.

The average expected heterozygosity (Hexp) value in CJ-Hu
population was lower than the observed heterozygosity
(Hexp=0.7857; Hobs=0.7941). The opposite was observed
in the CV-Sze population (Hexp=0.7965; Hobs=0.7890).

All'loci met the conditions of HWE, with the exception of
CSF1PO and D16S539 in CV-Sze and CSF1PO and D18S51
in CJ-Hu. However, after applying the Bonferroni correc-
tion, there was no departure from HWE at any of the loci
studied, with the exception of CSF1PO in CV-Sze. As a re-
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Historical regions of Romania: Transylvania, Moldavia, Wallachia, and Do-

bruja; CJ - Cluj county; CV - Covasna county; HR - Harghita county.

sult, there was no reason for HWE rejection (21). The av-
erage Pl values obtained for CV-Sze and CJ-Hu were 2.58
and 3.25, respectively. The PD and PE values for all the ana-
lyzed markers were high, with PD ranging from 0.8804 to
0.9717 and PE values from 0.3617 to 0.7501. The combined
PD values for the 15 loci were 0.99999999999999992 for
CJ-Hu and 0.999999999999999997 for CV-Sze. The com-
bined PE values for the 15 loci were 0.9999998 for CJ-Hu
and 0.999998 for CV-Sze. These combined PD values and
combined PE values were high enough to make these loci
suitable for identification of individuals.

The genetic structure of these two populations was
compared with each other as well as with other Hungarian
populations from Transylvania (HR-Sze and HR-Csn) and
Romanian populations (B-Ro, Dobruja, Moldavia, Trs,
Wallachia, and West) (Table 3). No significant differences
were found between CJ-Hu and CV-Sze; both populations
showed one significantly different locus (D55818) when
compared with Szeklers from Harghita county. Neither
CJ-Hu nor CV-Sze showed differences from Romanians
living in Bucharest. Significant differences between CV-Sze
and Romanians from Wallachia were found in the allele
frequendies at 3 loci (F_: CSF1PO, THOT, and D165539) and
5 loci (exact test: D21S11, CSF1PO, D16S539, D2S1338,
and D18S51). The differences in allele frequency were
greater between CV-Sze and the other populations (10 or
14 significantly different loci by the F_ test or exact test,
respectively) than between CJ-Hu and the other populations
(4 or 2 significantly different loci by the F_ test or exact test,
respectively). Table 4 summarizes the significantly different
loci found in these comparisons.
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TABLE 1. Allele frequencies and related statistical data for the Szekler population of Covasna county (n=278)

D85S1179D21511 D75820 CSF1PO D3S1358 THO1 D135317 D16S539 D25S1338 D195433 vWA TPOX D185S51D5S818 FGA

Allele:
6 - - - - - 0.2086 - - - - - 0.0018 - - -
7 - - 00144 00018 - 0.1619 - - - - - 0.0036 0.0018 0.0018 -
8 0.0126 - 01529 0.0126 - 0.1007 0151 0.0198 - - - 04982 -

9 0.0144 - 01763 0.0701 - 01979 0.0791  0.1565 - - - 01205 - 0.0431 -
9.3 - - - - - 0.3273 - - - - - - - - -
10 0.0827 - 02716 0.3004 - 0.0036 0.0576  0.0594 - - - 0.0594 0.0180 0.0863 -
10.2 - - - - - - - - - - - - 0.0036 - -
1 0.0755 - 02104 03040 - - 0.3147  0.2481 - 0.0018 - 02913 00126 0.2752 -
12 0.1440 - 01421 02517 0.0018 - 0.2932  0.2985 - 0.0791 - 0.0252 01529 0.3904 -
- - - - - - - - - 0.0036 - - - - -
13 0.2931 - 00323 0.0468 - - 0.0863  0.1817 - 0.2301 0.0018 - 01259 0.1906 -

14 0.2249 = - 00090 0.0791 = 0.0180  0.0360 0.0018 0.3308 0.1169 - 01565 0.0036 =

15 0.1295 = - 00036 0.2464 = =
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22.2 = = = = = = = = = = = = = - 0.0090
23 = = = = = = = = 0.1295 = = - 0.0018 - 01367
23.2 - - - - - - - - - - - - -

24 = = = = = = = = 0.0845 = = = = - 01601
25 - - - - - - - - 0.0971 = = = = - 0.0899
26 - 0.0072 = = = = = = 0.0180 = = = = - 0.0468
27 - 0.0288 - - - - - - - - - - - - 0.0072
28 - 01331 = = = = = = = = = = = = =
29 - 0.2266 = = = = = = = = = = = = =
29.2 - 00054 - - - - - - - - - - - - -
30 - 02068 = = = = = = = = = = = = =
30.2 - 0.0575 = = = = = = = = = = = = =
31 - 0.0630 = = = = = = = = = = = = =
31.2 - 00845 = = = = = = = = = = = = =
32 - 00162 - - - - - - - - - - - - -
322 - 01205 = = = = = = = = = = = = =
332 - 00414 = = = = = = = = = = = = =
34.2 - 0.0054 - - - - - - - - - - - - -
352 - 0.0018 = = = = = = = = = = = = =
38 0.0018

Genetic parameters:

observed heterozygosity ~ 0.8309 0.8381 0.7842 0.7554 0.8058 0.7590 0.7518 0.7878 0.8777 0.7698 0.7950 0.6547 0.8777 0.6942 0.8525
expected heterozygosity ~ 0.8127 0.8563 0.8061 0.7466 0.7744 0.7738 07748 0.7866 0.8859 0.8006 0.8111 0.6482 0.8795 0.7262 0.8646
P (Hardy-Weinberg equi-  0.2342 04394 0.1145 0.0014 01019 03677 02346 0.0049* 0.0738 0.0397 01182 01952 0.6350 0.5244 0.0637
librium exact test)

matching probability 0.0640 0.0386 0.0693 0.1196 0.0998 0.0882 0.0858 0.0850 0.0281 0.0669 0.0677 0.1779 0.0290 0.1192 0.0369
power of discrimination 0.9360 09614 09307 0.8804 09002 09118 09142 09150 09719 09331 09323 0.8221 09710 0.8808 0.9631
polymorphism informa- 0.7884 0.8407 0.7778 0.7032 0.7380 0.7384 0.7419  0.7545 0.8750 0.7762 0.7841 0.5935 0.8672 0.6816 0.8495
tion content

power of exclusion 0.6577 0.6716 0.5700 0.5190 0.6098 0.5253 05128 0.5765 07501 0.5442 0.5897 0.3617 0.7501 04194 0.6998
typical paternity index 296 309 232 2.04 2.57 2.07 2.01 2.36 4.09 217 244 145 409 1.64 3.39
*Bonferroni-type correction (0.0033).
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TABLE 2. Allele frequencies and related statistical data for a non-Szekler Hungarian population represented by Hungarians from Cluj county (n=146)
D8S1179 D21S11 D75820 CSF1PO D3S1358THO1T D13S317D165539 D251338 D19S433 vWA TPOX D18S51 D55818 FGA
Allele:
6 = = = = - 02466 - = = = = = = = =
7 - - 0.0171 - - 0.1301 = = = = = = = = =
8 0.0205 - 01541 0.0068 - 01267 0.J267 00103 = = - 05480 - 00034 -
9 0.0068 - 01027 0.0274 - 01849 0.0856 0.0993 - 0.0034 - 00891 00034 00377 -
9.3 = = = = = 0.3014 = = = = = = = = =
10 0.0616 - 03356 02774 - 00103 00513 0.0719 - - - 00445 00137 00788 -
10.2 = = = = = = = = = = = - 0.0034 = =
11 0.0616 - 02398 03253 - - 03391 0.2945 - 0.0172 - 03013 00103 03322 -
12 0.1747 = 0.1062 0.3049 = = 0.2946  0.2877 = 0.0651 0.0034 0.0171 0.0822 0.3733 =
13 0.3356 - 0.0445 0.0514 - - 00651 0.1986 - 0.2637 0.0034 - 01507 0.1610
13.2 = = = = = = = = = 0.0342 = = = = =
14 0.2090 - - 00068 01164 - 00308 0.0377 - 03253 01096 - 01953 00068 -
14.2 = = = = = = = = = 0.0342 = = = =
15 0.1200 = = = 02568 - 0.0068 = = 01165 01267 - 0.1541 00068 -
15.2 - - - - - - - - - 0.0548 - - - - -
16 0.0068 = = = 02329 - = = 00753  0.0548 02260 - 01267 = =
16.2 - - - - - - - - - 0.0172 - - - - -
17 0.0034 = = = 0.2671 = = = 0.1883  0.0034 0.2364 - 01233 = =
18 - - - - 01164 - - - 00925 00034 02021 - 00548 - 00068
18.2 = = = = = = = = = 0.0068 = = = = =
19 - - - - 0.0104 - - - 0.0788 - 00616 - 00480 -  0.0719
20 = = = = = = = = 0.1575 = 00274 - 0.0102 = 01233
21 - - - - - - - - 0.0240 - - - 00171 - 01507
22 = = = = = = = = 0.0240 = 00034 - 0.0034 = 0.2193
222 = = = = = = = = = = = = = - 0.0068
23 = = = = = = = = 0.1370 = = = = = 0.1473
24 - - - - - - - - 0.0925 - - - 00034 - 01678
24.2 = 0.0034 = = = = = = = = = = = = =
25 = = = = = = = = 0.1130 = = = = - 00753
26 - 0.0034 - - - - - - 0.0137 - - - - - 0.0274
27 = 0.0274 = = = = = = 0.0034 = = = = = =
28 - 0.1267 - - - - - - - - - - - - -
29 = 0.1815 = = = = = = = = = = = = 0.0034
292 = 0.0034 = = = = = = = = = = = = =
30 = 0.2467 = = = = = = = = = = = = =
30.2 = 0.0377 = = = = = = = = = = = = =
31 = 0.0856 = = = = = = = = = = = = =
31.2 = 0.0993 = = = = = = = = = = = = =
32 = 0.0240 = = = = = = = = = = = = =
32.2 = 0.1267 = = = = = = = = = = = = =
33.2 = 0.0308 = = = = = = = = = = = = =
35 = 0.0034 = = = = = = = = = = = = =
Genetic parameters:
observed 0.7603 09110 0.7945 0.6575  0.8288 0.7808 0.7808 0.8151 09384 0.7671 0.8493 0.5753 09315 0.6644 0.8562
heterozygosity
expected 0.7907 0.8532 0.7820 0.7208 07812 0.7811 07671 07745 0.8778 0.7978 0.8202 0.5987 0.8714 0.7167 0.8525
heterozygosity
P (Hardy-Weinberg 0.2471 01511  0.0996 0.0210*  0.2993 0.0519 04589 0.1653 0.0627 0.0720 0.2215 0.5769 0.0036* 0.2844 0.2631
equilibrium exact test)
matching probability 0.0739 0.0494 0.0810 0.1287  0.0905 0.0855 0.0864 0.1014  0.0377 0.0680 0.0669 0.2198 0.0417 0.1207 0.0448
power of discrimination 09261 09506 09190 0.8713 ~ 09095 09145 09136 0.8986 09623 09320 009331 0.7802 0.9583 0.8793 0.9552
polymorphism informa-  0.7627 0.8371 0.7513 0.6686  0.7461 0.7468 07339 0.7397 0.8655 0.7732 0.7956 0.5362 0.8579 0.6687 0.8351
tion content
power of exclusion 0.5275 0.8179 0.5889 0.3657  0.6535 0.5639 05639 06273 08742 05367 0.6935 0.2623 0.8601 0.3753 0.7070
typical paternity index 2.09 5.58 243 146 292 228 2.28 2.70 8.11 213 332 1.8 730 149 348

*Bonferroni-type correction (0.0033).
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TABLE 3. Genetic comparison tests at 15 short tandem repeat loci of our CV-Sze and CJ-Hu groups with other populations in Hun-
gary (HR-Csn, HR-Sze) and Romania (B-Ro, Dobruja, Moldavia, Trs, Wallachia, West) populations*

Marker Test Populationdata ~ CV-Sze  HR-Sze HR-Csn B-Ro Trs West  Moldavia Dobruja Wallachia

n=278 n=257 n=220 n=243 n=1977 n=219 n=1321 n=569 n=1910

D8S1179 F. CV-Sze vs 0485 0252 0197 0567 0.838  0.798 0.833 0.516
F, CJ-Huvs 0.771 0.845 0.813 0.696 0.207 0.955 0.503 0.209 0.206

Exact test CV-Sze vs 0.607 0238 0498 0582 0990 0961 0.901 0.677

Exact test CJ-Huvs 0911 0.547 0516 0622 0198 0984 0672 0.305 0.213

D21SN F. CV-Sze vs 0.612 0.104 0.730 0.863 0.455 0.747 0.833 0.634
. CJ-Hu vs 0729  0.801 0274 0357 0179 0.137 0.230 0.298 0.158
Exact test CV-Sze vs 0.934 0.313 0.601 0.308 0.756 0.344 0.817 0.018"

Exact test CJ-Huvs 0955 0902 0260 0340 0395 0483 0.566 0.550 0.258

D75820 F. CV-Sze vs 0916 0461 nd 0487 0.828 0.614 0.732 0.290
o CJ-Huvs 0.217 0.200 0.102 nd 0.055 0451 0.180 0.064 0.076

Exact test CV-Sze vs 0.966 0.310 nd 0.641 0.810 0.879 0.886 0.734

Exact test CJ-Huvs 0.387 0.271 0.047 nd 0.159 0.562 0442 0.232 0.287

CSF1PO F. CV-Sze vs 0.366 0412 nd 0.017 0294  0.035 0.202 0.040
. CJ-Huvs 0.505  0.737 0947 nd 0934 0.945 0.896 0.963 0.985

Exact test CV-Sze vs 0.326 0.533 nd <0.001  0.323 <0.001 0.047 0.003

Exact test CJ-Huvs 0658  0.833 0.931 nd 0941 0994 0913 0992 0972

D351358 F. CV-Sze vs 0.886 0024 0160  0.067 0.870 0474 0.763 0.312
F. CJ-Huvs 0.368 0.585 0.031 0.220 0.014 0.260 0.152 0.193 0.016

Exact test CV-Sze vs 0.870 0006 0167 0214 0.897 0.627 0.876 0402

Exact test CJ-Huvs 0.496 0.765 0.024 0.285 0.058 0.348 0.231 0472 0.065

THO1 F. CV-Sze vs 071 0648 0315 0137 0049 0250 0.047 0.034
F. CJ-Hu vs 0746  0.855 0.841 0.875  0.835 0.741 0.965 0.626 0.712

Exact test CV-Sze vs 0463 0.549 0.398 0.321 0.020 0.553 0172 0.220

Exact test CJ-Huvs 0613 0942 0884 0853 0834 0896 0960 0.874 0.839

D13S317 F. CV-Sze vs 0.651 0685 nd 0.718 0360  0.850 0917 0.578
F. CJ-Huvs 0916 0.617 0.990 nd 0.260 0.592 0435 0.508 0.199

Exact test CV-Sze vs 0.689 0784 nd 0919 0.508 0.920 0.979 0.908

Exact test CJ-Huvs 0.856 0.753 0954 nd 0.301 0.758 0.278 0.532 0.260

D165539 F. CV-Sze vs 0.612 0038 0335 0387 0.519 0312 0.355 0.011
. CJ-Huvs 0497 0916 0.538 0322 0701 0980  0.837 0.850 0476

Exact test CV-Sze vs 0.629 0.010 0.532 0.270 0.542 0.364 0.373 0.010

Exact test CJ-Huvs 0644 0912 0314 0429  0.667 0941 0.900 0.796 0477

D251338 F. CV-Sze vs 0.347 0660 0127  0.088 0.573 0.163 0404 0.146
“ CJ-Huvs 0.909 0.631 0.674 0.271 0.855 0.771 0.953 0.823 0916

Exact test CV-Sze vs 0.350 0656 0065 0.001 0.554  0.016 0.245 0.016

Exact test CJ-Huvs 0.968 0.679 0.781 0.305 0.719 0.733 0.894 0.815 0.844

D195433 F. CV-Sze vs 0.456 0316 0653  0.049 0457 0613 0.103 0.171
. CJ-Huvs 0.876  0.339 0203 0434  0.621 0458 0.595 0418 0.767

Exact test CV-Sze vs 0.561 0.429 0.749 0.135 0.604 0.663 0.154 0.221

Exact test CJ-Huvs 0902  0.184 0.291 0.691 0.272 0.567 0.365 0.135 0.143

VWA F. CV-Sze vs 0.077 0.184 0485 0191 0.530 0425 0407 0.072
F. CJ-Huvs 0.996 0.220 0.480 0.725 0.464 0.696 0.699 0.625 0.277

Exact test CV-Sze vs 0.219 0355 0619 0510 0764 0818 0.716 0.304

Exact test CJ-Huvs 0.961 0.347 0.456 0.859 0.563 0.584 0.863 0.814 0.332

TPOX F. CV-Sze vs 0.161 0633 nd 0.996 0.740 0.708 0.849 0.963
F. CJ-Huvs 0491 0.372 0207 nd 0420 0.827 0.777 0.292 0.348

Exact test CV-Sze vs 0413 0.881 nd 0.605 0.930 0.656 0.877 0.692

www.cmj.hr



Demeter et al: Genetic Variation in Hungarians Living in Transylvania

CM)

TABLE 3. - continued. Genetic comparison tests at 15 short tandem repeat loci of our CV-Sze and CJ-Hu groups with other popula-
tions in Hungary (HR-Csn, HR-Sze) and Romania (B-Ro, Dobruja, Moldavia, Trs, Wallachia, West) populations*

Marker Test Populationdata ~ CV-Sze  HR-Sze
n=2/8 n=257
Exact test CJ-Huvs 0824 0315
D18551 . CV-Sze vs 0403
. CJ-Huvs 0.287  0.850
Exact test CV-Sze vs 0.208
Exact test CJ-Hu vs 0390 0924
D55818 o CV-Sze vs <0.001
F, CJ-Huvs 0610 <0.001
Exact test CV-Sze vs <0.001
Exact test CJ-Huvs 0970  <0.001
FGA k. CV-Sze vs 0.909
o CJ-Huvs 0.775 0984
Exact test CV-Sze vs 0.960
Exact test CJ-Huvs 0948  1.000

HR-Csn B-Ro Trs West

Moldavia  Dobruja Wallachia

n=220 n=243 n=1977 n=219 n=1321 n=569 n=1910
0486 nd 0.730 0.792 0.882 0.647 0.694
0494 0321 0.242 0.839 0.389 0.346 0.070
0488 0209  0.688 0.384 0.727 0449 0.705
0604  0.069  0.052 0.877 0.014 0.198 0.001
0.718 0.293  0.874 0437 0.851 0.906 0.931
0.959 nd 0.805 0.814 0.982 0.835 0.958
0.877 nd 0.262 0.830 0.696 0.271 0.353
0828 nd 0.126 0.586 0.221 0.849 0.327
0.895 nd 0.330 0.693 0.559 0.602 0.531
0.229 0208 0500 0.364 0.706 0.731 0.424
0816 0729 0471 0938 0.741 0.547 0.721
0184  0.061 0.256 0.374 0.751 0.598 0413
0.878 0539 0959 0918 0.994 0.964 0.987

*Abbreviations: B-Ro - Romanians from Bucharest area; CJ-Hu - non-Szekler Hungarians from Cluj county; CV-Sze - Szeklers from Covasna county;
exact test — exact population differentiation test; Fst — pairwise population comparison test; HR-Csn — Csang6s from Harghita county; HR-Sze — Sze-
klers from Harghita county; nd - not determined; Trs - population from Transylvanian region; West - population from Western Romania.

tValues in bold represent significant values at P<0.05

TABLE 4. Summary of significantly different loci identified during population comparison tests*

Test CV-Sze HR-Sze HR-Csn  B-Ro Trs West Moldavia Dobruja  Wallachiaz Total number of
performed Population n=278 n=257 n=220 n=243 n=1977 n=219 n=1321 n=569 n=1910 significantly different loci
. CJ-Hu vs 0 D5S818 D3S1358 0 D3S1358 0 0 0 D351358 4
CV-Sze vs D5S818 D351358, 0 D19S433 THO1 CSFIPO  THOT CSFIPO, THO1, 10
D16S539 D16S539
Exacttest ~ CJ-Huvs 0 D5S818 D75820 0 0 0 0 0 0 2
CV-Sze vs D5S818 D3S1358, 0 CSF1PO, THO1 CSFIPO, 0 D21S11, 14
D16S539 D251338 D251338, CF1PO,
D18S51 D16S539,
D251338,
D18S51

*Abbreviations: B-Ro - Romanians from Bucharest area; CJ-Hu - non-Szekler Hungarians from Cluj county; CV-Sze - Szeklers from Covasna county;
exact test - exact population differentiation test; F_ — pairwise population comparison test; HR-Csn - Csangds from Harghita county; HR-Sze - Sze-
klers from Harghita county; Trs — population data for Transylvanian region; West — population data for Western Romania.

DISCUSSION

Contrary to our hypothesis that there would be a signifi-
cant genetic difference between non-Szekler and Szekler
populations, our results showed no significant differences
between CJ-Hu and Szekler populations (CV-Sze, HR-Sze),
with only a single significantly different locus (D55818). The
results can be explained by high genetic heterogeneity
of the non-Szekler Hungarian community of Cluj county
(Hexp<Hobs). Further tests, with less heterogeneous non-
Szekler Hungarian populations, are required to confirm or
disprove the hypothesis 1.

When allele frequencies of the two Szekler populations
were compared with each other, both pairwise compari-

son and exact differentiation tests revealed significant dif-
ferences for one locus (D55818). Although more significant
loci were expected to be found, these results support our
hypothesis that there is significant genetic distance be-
tween the two Szekler populations.

We hypothesized that there should be a positive correla-
tion between genetic and geographical distance (22), but
unexpected results were obtained when both populations
in this study were compared with Romanian populations.
Although we expected to find Dobruja to be genetical-
ly most remote from both populations included in the
study, our results showed that Wallachia was genetically
most remote. The differences in allele frequency were
greater between CV-Sze and Wallachia (F_ test, 3 of
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15 loci; exact test, 5 of 15 loci) than between CV-Sze and
Dobruja (F_ test, 1 of 15 loci; exact test, 0 of 15 loci). In the
same comparison, CJ-Hu showed significant differences at
one locus (D351358) when compared with Wallachia and
no significant differences when compared with Dobruja.

The allelic differences identified between CV-Sze and the
other populations (F_ test, 10 significantly different loci;
exact test, 14) were greater than the differences identi-
fied between CJ-Hu and the other populations (F test,
4 significantly different loci; exact test, 2), which supports
our hypothesis that non-Szekler Hungarians would show
greater genetic heterogeneity than Szekler Hungarians. In
addition, the Hobs was lower than Hexp for CV-Sze, which
may suggest inbreeding and isolation. This may explain
why CV-Sze showed more significant differences from the
other Romanian populations than CJ-Hu.

The results of this comparison may be affected by the
number of loci compared; for example, data on only 10 loci
were available for the B-Ro population.

Future investigations should include all 15 loci (also includ-
ing Y-chromosome STRs) and should involve other Hun-
garian populations from Hungary, Serbia, Slovakia, Ukraine,
and Austria. These studies will help clarify the genetic char-
acteristics of the ethnic Hungarian community in Transyl-
vania.
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