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ABSTRACT: The short tandem repeat (STR) polymorphism
HumLPL (TTTA),, which is located in intron 6 of the lipoprotein
lipase gene, was investigated by AMPFLP (amplification fragment
length polymorphism)-technique using an allelic ladder consisting
of amplified alleles of this locus as a standard size marker.

The allelic ladder was prepared by pooling equal concentrations
of six separate alleles, which were identified by their different
electrophoretic mobility in native polyacrylamide gel, eluted and
subsequently amplified. Sequence analysis of the ladder alleles and
allele 7, which is not included in the ladder, showed a regular repeat
structure with 7 and 9 to 14 repetitions of the core repeat.

The allelic ladder was employed in the analysis of the genotypes
of 550 unrelated Caucasoids of Austria. No new alleles were found.

The population investigated showed no deviation from Hardy-
Weinberg equilibrium (P = 0.195).
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Short tandem repeats (STRs) are microsatellite DNA sequences
of di- to hexa- or heptanucleotides that are tandemly repeated
(1,2,3). They are highly polymorphic in respect to the number of
repeats and widely spread throughout human genome (4). Since the
introduction of PCR-amplification techniqué’g;they have become a
useful tool in human identification for forensi€ and anthropological
purposes (5-8), paternity testing (9,10) and genetic mapping (11,
12). As a fact of their small overall size they have many advantages
over the previously used much longer repeat motifs, called VNTRs
or minisatellites, because STRs require only a small amount of
template and may produce results even if the DNA is highly
degraded (13). The distinct alleles of a sample can be typed by
electrophoresis of PCR-amplification fragments on native or dena-
turing polyacrylamide gels. Bands are visualized by ethidium bro-
mide- or silver staining (14). Application of allelic ladders as
internal size standards simplifies the designation of alleles in test
samples and is a very precise and reliable method.

This approach has been described for example, for the VNTR
loci D1S80 (15,16), Col2A1 (17) and for the STR loci HPRTB
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(3), HumTHO1 (18), HumF13A01 (19), HunVWA, HumD21S811
and HumFES/FPS (20).

In this paper, we present the characteristics of a ladder of the
STR polymorphism in intron 6 of the lipoprotein lipase gene (21,
22) and the allele frequencies obtained in an Austrian Caucasian
population sample using the AMPFLP-technique.

Material and Methods

Genomic DNA was extracted from peripheral blood of healthy,
unrelated Austrian blood donors by the “salting out method” of
Miller et al. (23). DNA concentration was adjusted to 8 ng/uL by
optical densitometry.

The oligonucleotide primers used were 5'-ATCTGACCAAG-
GATAGTGGGATATA-3' (forward primer, TTTA strand) and 5'-
CCTGGGTAACTGAGCGAGACTGTGTC-3' (reverse primer,
TAAA strand) (21). PCR amplifications of the population samples
were performed in 50 pL volume with 20 ng template, 0.6 pM
of each primer, 2U polymerase (Dynazyme™, Finn Zymes Oy),
1X PCR buffer (50 mM KCl, 10 mM TrisCl pH = 9.0 at 25°C,
0,1% Triton-X-100 and 1.5 mM MgCl12) and 200 pM of each
dNTP using a Hybaid Omnigene thermocycler. A modified PCR
protocol (based upon Zuliani and Hobbs 1990 (21)) was used in
all amplifications: 98°C, 10 min without polymerase, 1 cycle; 10
min at 68°C adding the polymerase, 1 cycle; followed by 1 min,
94°C and 6 min, 68°C, 10 cycles; then 1 min, 90°C and 6 min,
68°C, 18 cycles; final annealing 10 min, 68°C, 1 cycle.

PAGE was carried out in horizontal mode as described by
Schwartz et al. 1994 (24) on 7% gels in 120 mM Tris-Acetat
rehydration buffer and 200 mM Tris-Tricine electrode buffer. (Ini-
tial 1200V, 12 mA, 30W for 20 minutes, then 1200V, 20 mA, 30W
until the bromophenol blue marker front had reached the anodal
end of the gel.) Subsequent silver staining was applied to visualize
DNA (14).

Single bands of heterozygous population samples, correspond-
ing to distinct alleles, were eluted from the gel in 100 pL elution
buffer, described for the “crush and soak method” by Sambrook
et al. (25). DNA was purified using Wizard PCR Preps, DNA
Purification System (Promega, technical bulletin), deluted 1:10°
and reamplified. Equal concentrations of the amplification products
were pooled to construct an allelic ladder.

Single stranded sequence determination of the different alleles
(amplified using the previously described protocol with 0.4 pM
forward primer and 0.2 uM 5’ biotin labelled reverse primer) took
place on an automatic DNA-Sequencer (ALF™ Pharmacia LKB
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TABLE 1—Sequences of the HumLPL alleles.

Length
Allele Sequence (bp)
7 X-GAAGAAAAAACATTCCAAGAATTAT (TTTA), TTTTTGA-Y 111
9 X-GAAGAAAAAACATTCCAAGAATTAT (TTTA); TITTTGA-Y 119
10 X-GAAGAAAAAACATTCCAAGAATTAT (TTTA),, TTTTTGA-Y 123
11 X-GAAGAAAAAACATTCCAAGAATTAT (TTTA),, TITTTGA-Y 127
12 X-GAAGAAAAAACATTCCAAGAATTAT (TTTA),, TITTTGA-Y 131
13 X-GAAGAAAAAACATTCCAAGAATTAT (TTTA),; TTTTTGA-Y 135
14 X-GAAGAAAAAACATTCCAAGAATTAT (TTTA),, TTTTTGA-Y 139
X: ATCTGACCAAGGATAGTGGGATATA (forward primer)
Y: GACACAGTCTCGCTCAGTTACCCAGG (reverse primer target sequence)
Technology AB) according to the protocol of Pharmacia Auto-
Read™ Sequencing Kit (which employs T7-polymerase in a chain
termination reaction) on a 6% sequencing gel in 0.6X TBE at 32
mA and 34W for 6 hours. The preceding strand separation was
done with support of Streptavidin-attached magnetic beads (Dyna-
beads®, Dynal®) following the included protocol (26)
Results and Discussion
AMPFLP-typing of 550 healthy unrelated Caucasian individuals
of Austria revealed seven different alleles, of which six were
pooled to construct an allelic ladder. Sequencing of 22 alleles from
13 heterozygous individuals (three alleles 7, four alleles 9, five
alleles 10, three alleles each 11, 12, 13 and one allele 14), including
the ladder alleles, showed a simple repeat structure, with 7 and 9 5 a A E & 7T 8 © 10 11 12 12

to 14 iterations of the TTTA repeat motif. Allele designation was
in accordance with the repeat number following the recommenda-
tions of the International Society for Forensic Haemogenetics (27).
Side-by-side comparison of the sequencing pattern proved absolute
length and sequence conformities of the 25 basepair 5’ flanking
regions and the 7 basepair 3’ flanking regions. No microheterogeni-
ties were observed. Allele sizes, which were determined by com-
paring the sequence pattern of the sense and antisense strand, range
from 111 to 139 basepairs (Table 1). They were correlated with
the sequence provided in Genbank (Accession No. X15736), which
corresponds to our allele 11.

Using the described PCR conditions reproducible results could
be obtained from 20 ng template DNA down to a minimum thresh-
old of 400 pg. No “slippage problems” have been observed.

The sequenced ladder, containing alleles 9 to 14, was employed
in testing 550 DNA samples (1100 chromosomes) of unrelated
Austrian Caucasoids on 7% native polyacrylamide gels (Fig. 1).
As preferential amplification of the very rare allele 7 caused imbal-
ance of allele concentrations in reamplification of the allelic ladder,
it was not considered. Although we used native electrophoresis
conditions, bands in Fig. 1 seem to be “doublets.” This phenome-
non might be due to the polymerization state of the gel, because
it appeared to increase with extensive degasing periods of the
gel solution.

We found three common alleles 10, 11 and 12, two rare alleles
9 and 13 and two very rare alleles 7 and 14 (Table 2). Observed
heterozygosity is 72.9%, not significantly deviating from the
expected value of 70.8%, power of discrimination (PD) is 0.86.
Population data met the Hardy-Weinberg expectations (P = 0.195).

The application of the allelic ladder described in this paper
allows a clear designation of alleles in unknown test samples in
a precise and reliable way and there is no need for an additional
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FIG. 1—Typing of LPL alleles on a 7% non-denaturing polyacrylamide
gel. Lanes 1, 4, 7, 10 and 13 contain the allelic ladder with alleles 9 to
14. Lane 2: 10, 12; Lane 3: 11, 12; Lane 5, 6: 10, 12; Lane 8, 11: 11,
11; Lane 9: 11, 12 and Lane 12: 9, 10.

TABLE 2—Allele frequencies at the HumLPL STR Locus in an Austrian
Caucasoid population sample (n = 550).

Allele Allele frequency
designation Observed alleles *SE (%)*
7 3 03 02
9 22 53x07
10. 190 38515
11 143 278+ 14
12 126 25113
13 17 26 £05
14 2 04 02
6 df 2 = 10.56
P =0.195

*Standard error was calculated according to Edwards et al. 1992 (3).

size marker. The results of this study suggest that the HumLPL
polymorphism could be a suitable marker for personal identifica-
tion applications in the Austrian population.
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