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Abstract The allele frequency and sequence structure of
the STR locus D12S1090 were investigated in 598 Flem-
ish individuals. The locus shows a complex organisation
with repetitions of GATA interrupted by TA and other
tetra- and pentanucleotide blocks. No deviation from
Hardy-Weinberg equilibrium was observed. The exten-
sive polymorphism makes it a powerful tool for identity
aswell as paternity testing and even permits differentiation
of closely related populations, such as Flemish and Ger-
mans. D12S1090 seems to be one of the most informative
STRs, however, as seen in other highly variable STRs, the
observed mutation frequency of 5.1 x 1073, is relatively
high.
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Introduction

Short tandem repeat (STR) polymorphisms amplified by
PCR are at present the most widely used genetic markers
for identity and paternity testing purposes. They are highly
sensitive and allow typing of stains that are severely de-
graded as the amplified fragments are usually shorter than
300 bp [1]. On the other hand, most STRs, having only 3—
6 common aleles, are distinctly less polymorphic than
VNTRs [2]. Therefore, the STR approach requires typing
of a larger number of systems to obtain comparable re-
sults, detracting from some its advantages, e.g. the saving
of time and material. One possibility to limit the number
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of STR loci is typing highly polymorphic STRs such as
ACTBP2 [3]. We thus investigated the tetranucleotide
(GATA) repeat locus D12S1090 (GDB accession humber
GDB: 376560, aso known as GATA5A09) in a population
sample from Flanders, the Dutch speaking part of Bel-
gium. Although this STR is considered to be highly poly-
morphic [4], compared with other STRs, it has only
scarcely been studied.

Material and methods

Genomic DNA was extracted from blood of 598 unrelated Flemish
Caucasians by the salting out method [5]. These individuals were
the mother and aleged father in 299 paternity cases and 433 pater-
nity trios were used to search for mutations.

For PCR the Multiplex | kit (Lifecodes, Stamford, Conn.) was
used according to the manufacturer’ s instructions, thus co-amplify-
ing D12S1090 with D3S1744 and D18S849. Primer sequences for
D12S1090 were neither provided by the producer nor available from
the GDB, but were determined as follows. PCR products obtained
by amplification of the Multiplex | kit were cloned in pGEM-T Easy
(Promega, Madison, Wis.). Of the clones, 20 were picked at random
and sequenced using T7 and T6 primers specific for the cloning vec-
tor. This allowed the identification of the primer-pair sequences for
the three loci. Amplification with these primers and comparison of
alele lengths led to the identification of the D12S1090 locus with
its corresponding primers:

— Forward: AAG CCC AAA GAT GTA AGG CT
— Reverse: ACC AACCTA GGA AACACAGT

This primer pair was further used to characterise the D12S1090 al-
leles. Alleles from homozygous individual s were sequenced directly
on genomic DNA while aleles from heterozygotes were cloned.
Sufficient clones chosen at random, were sequenced to obtain both
alelic sequences. The ABI Prism dye terminator cycle-sequencing
ready reaction kit and an ABI PRISM 310 Genetic Analyzer (Ap-
plied Biosystems, Foster City, Calif.) were used for sequencing.

Amplification was performed using 5 ng of template DNA in a
25 pl volume. The reaction mixture included 0.625 U Taq poly-
merase (Goldstar, Eurogentec, Belgium), 2.5 pl primer mix, 200 uM
of each nucleotide, 2.5 pl 10 x PCR buffer. PCR was carried out in
a GeneAmp PCR System 9600 (Applied Biosystems, Foster City,
Cadlif.) thermal cycler using the following conditions: 30 cycles of
denaturation at 95°C for 1 min, annealing at 57°C for 1 min, ex-
tension at 72°C for 1 min. After electrophoresis on a denaturing 4%
(w/v, 39:1 acrylamide:bisacrylamide, 7 M urea, 0.4 mm thick) gel,
alleles were revealed by silver staining [6].
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Alleles were named according to the recommendations of the
DNA Commission of the International Society for Forensic Haemo-
genetics [ 7] and were based on the number of repeats. Alleleswere
identified with reference to the ladder supplied by the manufacturer.
Using the same strategy as for allele characterisation, the ladder
supplied by Lifecodes was cloned in pGEM-T Easy (Promega,
Madison, Wis.) and the alleles were sequenced.

Allelic frequencies were estimated by direct gene counting.
Hardy-Weinberg equilibrium (HWE) was tested by means of the
exact test of Guo and Thompson [8] using Arlequin Version 2000
software [9] to perform the calculations. Population differentiation
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was examined by the exact test of Raymond and Rousset [10] as
implemented in the Arlequin package.

Some parameters of forensic interest were determined using
Powerstat software (Promega, Madison, Wis.). The polymorphism
information content (PIC) was calculated as described by Botstein
et a. [11], the power of discrimination (POD) was computed fol-
lowing Jones [12], the power of exclusion (PEX) and the mean pa-
ternity index (MPI) were enumerated according to Brenner and
Morris[13].

Table 1 Structure of the repeat regions in 66 sequenced alleles of D12S1090 (small sequence differences 5' of the repeat are under-

scored; n number of sequenced alleles)

Allele bp n Sequence

9 209 2 TATA GATAGATA 6 x (GATA)
10 213 1 TATA GATAGATA 7 x (GATA)
11 217 1 TATA GATAGATA 8x (GATA)
12 221 3 TATA GATAGATA 9 x (GATA)
13 225 3 TATA GATAGATA 10 x (GATA)
132 225 1 TATA GATAGATA 10 x (GATA)
14 229 1 TATA GATAGATA 11 x (GATA)
15 233 1 TATA GATAGATA 12 x (GATA)
16 238 3 TATA GATAGATA 6 x (GATA) GATTA 6 x (GATA)
17 241 1 TATA GATACATA 14 x (GATA)
17 242 1 TATA GATAGATA 7 x (GATA) GATTA 6 x (GATA)
18 246 2 GATA GATAGATA 9 x (GATA) GATTA 5x (GATA)
18 246 3 TATA GATAGATA 8 x (GATA) GATTA 6 x (GATA)
18 246 1 TATA GATAGATA 9 x (GATA) GATT GATTA 4 x (GATA)
18 248 3 TATA GATAGATA 9 x (GATA) GATTA 3 x (GATA)

TA 2 x (GATA)

19 250 1 TATA GATAGATA 10 x (GATA) GATTA 5x (GATA)
19 250 2 TATA GATAGATA 9 x (GATA) GATTA 6 x (GATA)
19 250 1 TATA GATAGATA 10 x (GATA) GATTA 4 x (GATA)
20 254 3 TATA GATAGATA 10 x (GATA) GATTA 6 x (GATA)
20 254 1 GATA GATAGATA 11 x (GATA) GATT GATTA 4 x (GATA)
20 254 1 TATA GATACATA 9 x (GATA) GATTA 7% (GATA)
20 254 2 TATA GATACATA 8 x (GATA) GATTA 8x (GATA)
21 258 1 TATA GATAGATA 12 x (GATA) GATTA 5x (GATA)
21 258 1 TATA GATACATA 10 x (GATA) GATTA 7 x (GATA)
21 258 1 TATA GATAGATA 11 x (GATA) GATTA 6 x (GATA)
212 258 1 TATA GATAGATA 11 x (GATA) GATTA 6 x (GATA)
22 262 1 TATA GATAGATA 11 x (GATA) GATTA 7% (GATA)
22 262 3 TATA GATACATA 11 x (GATA) GATTA 7% (GATA)
22 262 1 TATA GATACATA 10 x (GATA) GATTA 8x (GATA)
23 266 2 TATA GATACATA 12 x (GATA) GATTA 7 x (GATA)
23 266 1 TATA GATAGATA 10 x (GATA) GATT GATTA 8x (GATA)
24 270 1 TATA GATAGATA 10 x (GATA) GATT GATTA 9x (GATA)
25 273 1 TATA GATAGATA 10 x (GATA) GATTA 4x(GATA) TA 2 x (GATA) GATTA 3 x (GATA)
25 273 1 TATA GATACATA  x (GATA) GATTA 5x(GATA) TA 2 x (GATA) GATTA 3 x (GATA)
25 2714 1 TATA GATAGATA 11 x (GATA) GATT GATTA 9 x (GATA)
25 2714 1 TATA GATACATA 11 x (GATA) GATTA 10 x (GATA)
26 277 3 TATA GATAGATA 10 x (GATA) GATTA 5x(GATA) TA 2 x (GATA) GATTA 3 x (GATA)
26 2718 2 TATA GATACATA 11 x (GATA) GATTA 11 x (GATA)
27 281 1 TATA GATAGATA 11 x (GATA) GATTA 5x (GATA) TA 2 x (GATA) GATTA 3 x (GATA)
272 281 1 TATA GATAGATA 11 x (GATA) GATTA 5x(GATA) TA 2 x (GATA) GATTA 3 x (GATA)
28 285 2 TATA GATAGATA 13 x (GATA) GATTA 4 x (GATA) TA 2 x (GATA) GATTA 3 x (GATA)
29 280 1 TATA GATAGATA 14 x (GATA) GATTA 4 x (GATA) TA 2 x (GATA) GATTA 3 x (GATA)
30 293 1 TATA GATAGATA 14 x (GATA) GATTA 5x (GATA) TA 2 x (GATA) GATTA 3 x (GATA)

aSequenced alleles from the Lifecodes ladder
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aagcccaaag atgtaaggct GGGAGATAGC
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AAACCAGGTC TTGATGTTGC AGATTTGTTG

TATATATATT TATATAGATA GATAGATAGA TAGATAGATA GATAGATAGA TAGATGTTAT

AGATATATAT ATTATGTATT TGATATAAAC
GAGATGAGAT CTCactgtgt ttcctaggtt

Fig.1 Sequence of alele 10 of locus D12S1090. The total length
15231 bp. The six GATA repesats are preceded by a TATA tetranu-
cleotide (Primer sequences are written in lowercase, the variable
region is presented in italics and is detailed for other aleles in
Table 1)

Results and discussion
Sequence structure of D12S1090 alleles

In 598 Flemish individuals, 22 different types of aleles
were found using denaturing PAGE followed by silver
staining. The sequence structure was determined from 66
aleles, including examples of all 22 types found in this
Flemish population sample. The locus shows a clearly
complex organisation, the complexity increasing with the
alelic number (Table 1 and Fig. 1). Only aleles 18 and 20
contained the corresponding number of GATA repeats,
whilein all other alleles a TATA tetranucleotide block in-
stead of GATA occurs at the 5'-end of the sequence. We
observed five mgjor types of sequence organisation. The
first, as present in aleles 9-15 and 17, contains uninter-
rupted repetitions of the GATA core. In the second type,
seenin aleles 16-23 and in 25 and 26, the regular repeti-
tion of GATA isinterrupted by GATTA. In alleles 18, 20,
23, and 25, we found examples of breaking the GATA
repetitions by GATT, followed by GATTA. A fourth type
of non-consensus organisation (allele 18) has a TA inser-
tion. Finally, from allele 25 onwards, the GATA repetitions
areinterrupted by TA and GATTA. The sequence analysis
revealed that the majority of the alleles are composed of
compound repeats having the same size but different se-
guence structure. Examples were observed for aleles 17
through 26, showing two (allele 23) to even four (allele 20)
structural forms with the same number of nucleotides but
a different sequence. While Perlee et al. [14] failed to re-
veal sequence differences between same size dleles of
D12S1090 from unrelated individuals, the kind of homo-
plasmy we observed has been demonstrated in other STR
loci such as D14S299 [15] and D22S683 [16]. Therefore,
D12S1090 not only has a length polymorphism, but also
some structural variation in most of its alleles.

The al€lic structure is in agreement with the previous
description by Perlee et a. [14], except for the fact that
we find it systematically and repeatedly three nucleotides
shorter. The Lifecodes ladder was sequenced, showing con-
cordance with the alelic designations used by Lifecodes
and in our population study. In their ladder sequence how-
ever, we found that Lifecodes modified the reversed primer
sequence in CAACCAGATCGAAACACACT. Further-
more, we observed a different sequence for ladder allele 27
(Table 1) than published by Perlee et a. [14]. The sequence
for alele 27 proposed by Perlee et al. is probably erratic,

TAATGCATAT CAAACATTGT TTTTTTGGTA
ggt

while our result fits with the general structure of the shorter
and longer alleles.

Population data

For HWE calculations, allelic frequency counting and pop-
ulation comparison, same size aleles with different se-
guences were pooled, aswell as allelic formsdiffering 1 bp
in length from the consensus repeat. The following alleles
are concerned: 17, 18, 19, 20, 21, 22, 23, 25 and 26 (see
Table 1).

A total of 147 genotypes were found in the 598 sub-
jectstested. Table 2 gives the frequencies of the alleles of
D12S1020 in these Flemish Caucasians. The frequencies
show a bimodal distribution pattern. Only four alleles
were more frequent than 10%: 20 (11.2%), 22 (11.0%),
23 (10.4%) and 24 (10.3%).

No significant deviation from HWE was observed (ex-
act test p = 0.594). The statistical parameters of forensic
interest can be found in Table 2. The degree of polymor-
phism of D12S1090 is higher than that of most STRs used
in forensic practice, ranging between ACTBP2 [17] and
D12S391 [18], making it a very powerful tool for identity
as well as parentage testing. Since the chromosomal dis-
tance between D12S1090 and D12S391 (GDB:686474) is
only 32 cM, these loci are in linkage disequilibrium, pre-
cluding their combined use in paternity casework.

In addition, D12S1090 proved to be a sensitive marker
for population differentiation. While comparing the dlelic
frequencies of several populations (Table 3), significant
differences were shown between the Flemish and Moroc-

Table 2 D12S1020 dlele frequencies and forensic parameters in
a Flemish population sample (598 individuals)

Allele Frequency Allele Frequency
9 0.002 20 0.112

10 0.008 21 0.091

11 0.038 22 0.110

12 0.053 23 0.104

13 0.024 24 0.103

14 0.018 25 0.066

15 0.008 26 0.080

16 0.008 27 0.058

17 0.005 28 0.012

18 0.015 29 0.008

19 0.074 30 0.002

H obs 0.918

H exp 0.921

POD 0.986

PIC 0.91

CE 0.811

MPI 5.42
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Table 3 Comparison of alele frequencies for D12S1090 between the Flemish and other populations [18, 19].

D12S1090 German us Moroccan Colombian US Hispanic Colombian US Black US Oriental
Caucasian Mestizo Black

Flemish p = 0.000 p=0.723 p = 0.001 p = 0.000 p = 0.000 p = 0.000 p = 0.000 p = 0.000

n 149 110 49 486 231 248 103 208

p-value of the exact test of population differentiation (steps in the Markov chain 10,000, dememorisation steps 1,000).

n: number of individuals

cans (own data, collected on Moroccans residing in Bel-
gium), Colombian Mestizos and Blacks [19], US Blacks
[20], US Hispanics and US Orientals (data provided by
Lifecodes). Even when the Flemish data were compared
with the neighbouring Germans [4], a clear distinction was
possible! The only population which D12S1020 could not
separate from the Flemish, were US Caucasians [20]. When
al nine populations were compared pairwise, al pairs
proved significantly (exact test for population differentia-
tion p < 0.05) different, except for Flemish — US Caucasians
(p = 0.723), Colombian Black — Moroccan (p = 0.502) and
US Black — Moroccan (p = 0.485). It would be of interest
to obtain data on more Caucasian populations to evaluate
whether or not they can be differentiated on the basis of
the D12S1090 polymorphism. Thus, this STR also appears
to be of potential interest for anthropological research.

Mutations

We observed isolated parent/child mismatches in 3 out of
584 (433 maternal, 151 paternal) meioses, yielding an over-
all mutation rate of 5.1 x 103, Although small in number,
the age distribution of the mutations seemed in accor-
dance with the overall distribution of parental age at con-
ception (Table 4).

Of the mutations two were of maternal origin, one con-
traction of the alele 13 to a 12 repeat unit (aged 24 years)
and one contraction of the allele 27 to a mutant 26 alele
(aged 27 years). The paternal mutation (aged 28 years) was
an expansion with one GATA block of the allele 28 lead-
ing to an alele 29. The structure of these mutations was

Table 4 Distribution of age of mothers and fathers at the time of
conception

Age at conception Number of mothers Number of fathers
(vears) (%) (%)
1519 18 (4.0) 2 (13
20-24 102 (23.6) 24 (15.9)
25-29 141 (32.6) 39 (25.8)
30-34 118 (27.2) 37 (24.5)
35-39 47 (10.9) 25 (16.6)
4044 7 A7) 9 (6.0
4549 - 9 (6.0
50-54 - 3 (2.0
55-59 - 2 (13
6064 - 1 (0.7)

confirmed by sequencing. Compared with other STRs, the
mutation rate was close to the 6.8 x 103 reported for
ACTBP2 [21], which aso has a dlightly higher polymor-
phism and mean number of uninterrupted repeats than
D12S10190. It supports the observation [21] that the mu-
tation rate correlates with the geometric mean of the re-
peat lengths.
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