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Abstract Population genetic studies were carried out on
randomly selected and unrelated healthy individuals from
Sicily (n = 140150 individuals) using the short tandem re-
peat (STR) systems HumTHO1, HumvWA31, HUmFESFPS
and HumF13A01. After vertical electrophoresis on poly-
acrylamide denaturing gels 6 aleles could be identified for
THO1, 9 for vWA31, 7 for FESFPS and 11 for F13A01. No
significant deviations from Hardy-Weinberg were observed.
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Introduction

Short tandem repeat (STR) systems are highly polymorphic
loci consisting of simple, compound, or complex [1] tandem-
ly repeated sequences (2—7 bp) extremely short in length
(< 400 bp), which are amenable to amplification by the
polymerase chain reaction (PCR). Because of these charac-
teristics they are very useful for the forensic analysis of bi-
ological material containing small quantities of DNA and/
or highly degraded DNA.. Also, STR amplification products
differing in size by as little as one base can be clearly re-
solved by denaturing polyacrylamide gel elecrophoresis
when an appropriate standardization protocol is employed.
This allows exact identification of alleles and the possibility
to construct population databases on alele frequencies and
genotype distributions, essential for identity or paternity
testing. This paper presents allele frequency datain a south-
ern Italian population sample for the following STR loci:

HUMTHO1: Human tyrosine hydroxylase gene, intron 1
[2]; chromosomal location: 11p15.5; repeat: AATG

HUMVWA31: Human von Willebrand factor gene, intron 40
[3]; chromosomal location: 12p12-pter; repeat: TCTA, TCTG
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HUMFESFPS: Human C-FES/FPS proto-oncogene, intron
5 [4]; chromosomal location: 15025-qter; repeat: ATTT

HUMF13A01: Human coagulation factor X1l A subunit
gene, [5]; chromosomal location: 6p24-25; repeat: GAAA.

Materials and methods

Blood samples were obtained from randomly selected and unre-
lated healthy individuals from the province of Messina (Eastern
Sicily). DNA was extracted by standard Chelex 100 extraction pro-
cedure [6]. The PCR amplifications of HumTHO1, HumvWA31,
HumFESFPS and HUmF13A01 were performed separately accord-

Tablel Allelefrequenciesfor HumTHO1 (n = 140), HumvWA31
(n = 150), HUMFES/FPS (n = 150) and HUmF13A01 (n = 148) in
a Sicilian population
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32 0.094
4 0.023
5 0.253
6 0.217 0.260
7 0.185 0.293
8 0.142 0.003 0.006
9 0.203 0.006
9.3 0.207
10 0.042 0.253
11 0.003 0.436
12 0.226 0.003
13 0.003 0.066 0.013
14 0.106 0.006 0.010
15 0.083 0.030
16 0.206 0.010
17 0.330
18 0.173
19 0.086
20 0.006
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ing to the manufacturer’s recommendations using GenePrint STR
system kits (Promega). PCR was carried out in 25 pl reaction vol-
umes containing 10-100 ng template DNA and 0.5 units of Am-
pliTag DNA polymerase (Perkin-Elmer) in a 480 or 9600 Perkin
Elmer thermal cycler.

PCR products were separated in vertical standard 6% polyacry-
lamide denaturing sequencing gels (7 M urea, 5.7% acrylamide,
0.3% bisacrylamide, 100 mM tris-borate pH 8.3 and 1 mM
Na,EDTA), 32 cm long and 0.1-0.2 mm thick. After electrophore-
sis gels were stained with silver nitrate [7]. Alleles were classified
by comparison with the allelic ladders supplied by Promega
GenePrint STR systems and the alelic designation was made ac-
cording to the recommendations of the DNA Commission of the
International Society of Forensic Haemogenetics [8].

Allele and genotype frequencies were determined and Hardy-
Weinberg equilibrium was tested by a simple x2 method and an ex-
act test [9]. From the genotype data, the power of discrimination
(PD) according to the equation suggested by Fisher [10] was cal-
culated. The heterozygosity value (OH) as described by Nei and
Roychoudhury [11] was determined.

Results and discussions

Allelic frequency distributions for HumTHO1, HumvWA31,
HUmMFES/FPS and HUmF13A01 in a eastern Sicilian pop-

Table2 Statistical data
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ulation (Southern Italy) are shown in Table 1. All alleles
differed in size by one repeat unit (i.e. 4 basepairs) for all
loci, except for HumTHOL allele 9.3 and HUMF13AO01 al-
lele 3.2. The “non consensus’ alele 9.3 at the HumTHO1
locus is represented by a 173 bp sized allele originating
from a single-base deletion of a thymidine residue in the
fifth of 10 TCAT repeats[1, 12]. The “non consensus’ al-
lele 3.2 at the HUmF13A01 locus is the smallest known
alele for this system and is represented by a 181 bp sized
alele involving a deletion of a hexanucleotide (GAG-
TAA) outside the repeat region, immediately 3' to the re-
peat [1]. The ability to type these aleles unequivocally
demonstrated the high resolution power of the elec-
trophoretic system used in the present study.

The results of the x2-test to analyse the correspondence
of the genotype frequencies with Hardy-Weinberg expec-
tations are shown in Table 2. They demonstrate that no
significant deviations from HW equilibrium were found
for all loci. The degrees of freedom were calculated on the
difference between the number of contributions to the x?
(total number of quantities) and the number of observed
alelesin thelist of genotypes not grouped together (num-
ber of bonds imposed at the quantities) considering that
observed and expected genotypes with expected < 2 were
grouped in a single class of contribution. Table 2 shows

System X2 P Ex.Test PD OH the P-values obtained performing the exact test to confirm
h resul h wer of discrimination het-
THO1 24.543 0.05-0.02 0.02 0.92 0.80 terg Xz_otgst’t :;l::lgls:e\ttedefg(r) eac?rho SI:rCn ation and het
VWA31L 19458  010-005 010 091 086 ZygoSity Ce | Sysiem. )
In conclusion, an Eastern Sicilian population database
FES/FPS 9.056 0.70-0.20 0.50 0.83 0.74 . . .
F13A01 16.274 0.20-0.10 053 091 074 has been determined for the first time for HumTHO1,
i i i i : i HumvWA 31, HUmFESFPS and HumF13A01 and no sig-
Table 3 Population data com- .
; Allele Messina Tuscany [13] Italy [14] Germany [15] Portugal [16] Poland [17]
parison for THO1 n= 140 n=232 n= 232 n= 195 n=419 n= 203
5 0.010 0.002
6 0.217 0.263 0.265 0.230 0.209 0.248
7 0.185 0.159 0.140 0.210 0.162 0.125
8 0.142 0.144 0.153 0.110 0.137 0.120
9 0.203 0.138 0.178 0.140 0.182 0.184
9.3 0.207 0.274 0.252 0.310* 0.302 0.305
10 0.042 0.010 0.007 0.012
*93/10 Rare 0.022
Table4 Population data comparison for vVWA31
Allele Messina Tuscany [13] Milan [18] Ancona[19] Germany [15] Portugal [16] Poland [17]
n = 150 n = 200 n=118 n=114 n=195 n=376 n=185
11 0.003
12
13 0.003 0.005 0.005
14 0.106 0.085 0.097 0.096 0.060 0.106 0.064
15 0.083 0.115 0.122 0.074 0.080 0.141 0.097
16 0.206 0.250 0.224 0.197 0.200 0.211 0.194
17 0.330 0.260 0.267 0.280 0.300 0.261 0.286
18 0.173 0.217 0.182 0.223 0.220 0.183 0.232
19 0.086 0.065 0.089 0.096 0.110 0.076 0.094
20 0.006 0.016 0.030 0.020 0.013 0.024
21 0.010 0.002
Rare 0.008
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Table5 Population data comparison for FES/FPS
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Allele Messina Tuscany [13] Milan [20] Florence [21] Germany [15] Portugal [16] Poland [17]
n =150 n=234 n=115 n==64 n=195 n =409 n =106
7 0.004
8 0.003 0.008 0.010 0.010 0.018
9 0.006 0.010 0.010 0.002 0.009
10 0.253 0.276 0.295 0.230 0.250 0.304 0.264
11 0.436 0.395 0.413 0.390 0.490 0.369 0.419
12 0.226 0.256 0.226 0.310 0.220 0.265 0.221
13 0.066 0.066 0.052 0.060 0.030 0.045 0.066
14 0.006 0.004
Rare 0.007
Table 6 Population data comparison for F13A01 5.Polymeropoulos MH, Rath DS, Xiao H, Merril CR (1991) Tetra-
nucelotide repeat polymorphism at the human coagulation factor
Messina Tuscany Germany Portugal X111 A subunit gene (F13A1). Nucleic Acid Res 19: 4306
[13] [15] [16] 6.Walsh PS, Metzger DA, Higuchi R (1991) Chelex 100 as a medium
n =148 n=174 n=195 n=232 for ssimple extraction of DNA for PCR-based typing from forensic
material. Biotechniques 10: 506-513
3.2 0.094 0.065 0.060 0.084 7.Budowle B, Chakraborty R, Giusti AM, Eisenberg AJ, Allen RC
4 0.023 0.044 0.040 0.043 (1991) Analysis of the variable number of tandem repeat locus
D1S80 by the polymerase chain reaction followed by high resolution
5 0.253 0.189 0.190 0.168 polyacrylamide gel electrophoresis. Am J Hum Genet 48:137-144
6 0.260 0.278 0.280 0.306 8.DNA recommendations (1994) report concerning further recommen-
7 0.293 0.319 0.390 0.340 dations of the DNA Commission of the ISFH regarding PCR-based
8 0.006 0.010 0.015 polymorphism in STR (short tandem repeat) systems. Int J Legal
9 0.002 Med 107:159-160
12 0.003 ’ 9.Guo SW, Thompson EA (1992) Performing the exact test of Hardy-
: Weinberg proportion for multiple alleles. Biometrics 48: 361-372
13 0.013 0.018 0.004 10. Fisher RA (1951) Standard cal culations for evaluating a blood group
14 0.010 0.024 0.010 0.004 system. Heredity 5: 95-102
15 0.030 0.015 0.010 0.008 11.Nei M, Roychoudhury AK (1974) Sampling variances of heterozy-
gosity and genetic distance. Genetics 76: 379-390
16 0.010 0.018 0.010 0.019 12. Puers C, Hammond HA, Jin L, Caskey CT, Schumm JwW (1993) Iden-
17 0.004 tification of repeat sequence heterogeneity at the polymorphic short
Rare 0.030 tandem repeat locus HUMTHOL [AATG], and reassignment of ale-

nificant differences were found in comparison with data
from other Italian (and Caucasian) populations (Tables
3-6). Therefore our data could be considered representa-
tive of the whole Italian population. Sicily is an island
with adiscrete degree of emigration to therest of Italy and
also immigration from other regions of the Country. We
consider that this study provides additional statistical ba-
sisto use these loci in routine forensic casework.

Acknowledgements The authors would like to thank Dr. Biovanni
Raimondo and Dr. Salvatore Campo, Molecular Biology Laboratory,
Department of Internal Medicine, University of Messinafor assis-
tance and advice.

References

1.Urquhart A, Kimpton CP, Downes TJ, Gill P (1994) Variation in
short tandem repeat sequences — a survey of twelve microsatellite
loci for use as forensic identification markers. Int J Legal Med 107:
13-20

2.Edwards A, Civitello A, Hammond HA, Caskey CT (1991) DNA
typing and genetic mapping with trimeric and tetrameric tandem re-
peats. Am J Hum Genet 49: 746-756

3.Kimpton CP, Walton A, Gill P (1992) A further tetranucleotide re-
peat polymorphism in the vVWF gene. Hum Mol Genet 1: 287-289

4. Polymeropoulos MH, Rath DS, Xiao H, Merril CR (1991) Tetra-
nucelotide repeat polymorphism at the human c-fes/fps proto-onco-
gene (FES). Nucleic Acid Res 19:4018

lesin population analysis by using alocus specific alelic ladder. Am
JHum Genet 53:953-958

13.Domenici R, Bibbiani R, Fornaciari S, Nardone M, Rocchi A,
Spinetti |, Venturi M, Bargagna M (1997) Allele frequencies distri-
bution of seven STRsloci in Tuscany (Italy). Med Genet 9:192

14.Carnevali E, Benucci G, Bacci M, Biagini G, Pasqui G, Pezzulli S
(1995) Studio popolazionistico delle frequenze genotipiche del sis-
tema STR-TC11 nei comprensori di Terni e Camerino. Med Leg
Quad Cam 3:433-438

15.Serps M, van der Geest N, Pieron C, Gagjdhar M, Kloosterman A
(1995) A Dutch population study of the STR loci HumTHO1, Hum-
FES/FPS, HumvWA31, and HumF13A 1, conducted for forensic pur-
poses. Int JLegal Med 108:127-134

16.Pinheiro F, Pontes L, Gené M, Huguet M, Pinto da Costa J, Moreno P
(1997) Population study of the HumTHO1, HumvWA31A, HUmF13A1
and HUMFES/FPS STR polymorphism in the North of Portugal.
JForensic Sci 42:121-124

17.Pawlowski R, Macigjewska A, Paszkowska R, Welz A (1997) Fre-
quencies for five short tandem repeat (STR) systems in a population
from North Poland. Int JLegal Med 110:10-13

18.Piccinini A, Waterkamp K, Meyer E (1997) Short tandem repeat
HumACTBP2 (SE33) and HumvWA: population genetic study on a
north Italian population. Int J Legal Med 110: 292-294

19.Buscemi L, Cucurachi N, Mencarelli R, Tagliabracci A, Wiegand P,
Ferrara SD (1995) PCR analysis of the short tandem repeat (STR) sys-
tem HumvWAZ3L1. Allele and genotype frequencies in an Italian popu-
lation sample. Int J Legal Med 107:171-173

20.Piccinini A, Mdller K, Wiegand P (1996) HumFES/FPS and
HumF13B: population genetic datafrom North Italy. Int JLegal Med
108:283-284

21.Ricci U, Giovannucci Uzielli ML (1997) FES/FPS locus analysis as
first-step screening of Uniparental Disomy (UPD) in Prader Willi
and Angelman Syndromes, Proceedings from the First European
Symposium on Human Identification, Promega Corporation, p 158



