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Summary. A total of 50 different ACTBP2 (human beta-
actin related pseudogene) alleles and the cell line K562
were sequenced and analysed. Sequence data revealed not
only length polymorphism but also a highly variable se-
quence polymorphism. 2 different sequence structures
were characterised. Type I (223-259bp) contained the
known regular 4bp repeat AAAG. Type I (265-309bp)
revealed a further hexanucleotide unit AAAAAG in addi-
tion to the common AAAG which only occurs once in the
repeat region. The position of this insertion showed con-
siderable variation. To obtain a regular spaced allelic lad-
der 20 of the sequenced alleles were selected. Denaturing
gels and high resolution/non-denaturing gels were com-
pared and striking differences could be seen between the 2
gel systems. Separation of the alleles on a 6% denaturing
gel and analysis on the ABI 373A Sequencer revealed
fragment sizes which corresponded to the sequencing data
but were in general 6-10bp longer. In contrast, in non-de-
naturing gels some alleles showed different electro-
phoretic mobilities compared to the sequenced allelic lad-
der which could indicate different fragment length and/or
different sequence structure.

Key words: ACTBP2 polymorphism —~ Sequencing — Se-
guence variation ~ Allelic ladder

Zusammenfassung. 50 verschiedene ACTBP2 Allele und
die Zell-Linie K562 wurden sequenziert und analysiert.
Die Sequenzierergebnisse zeigen nicht nur einen Lingen-
sondern auch einen hoch variablen Sequenzpolymorphis-
mus. 2 verschiedene Sequenzstrukturen wurden charakte-
risiert. Typ 1 (223-259bp) enthilt den regulidren 4 bp-Re-
peat AAAG. Im Typ IT (265-309bp) tritt zusétzlich die
Hexanukleotideinheit AAAAAG auf, deren Position in-
nerhalb der Repeatregion stark variabel ist. 20 sequen-
zierte Allele wurden fiir die Konstruktion einer allelischen
Leiter ausgewihlt. Denaturierende und hochauflésende,
nicht denaturierende Gele wurden ausgewertet und Unter-
schiede im Wanderungsverhalten der Allele festgestellt.
In denaturierenden Gelen ist die elektrische Mobilitét ab-

Correspondence to: B. Brinkmann

héingig von den Fragmentlingen der Allele. Dagegen zei-
gen in nicht denaturierenden Gelen einige Allele unter-
schiedliches Wanderungsverhalten im Vergleich zur se-
quenzierten allelischen Leiter, welches durch unterschied-
liche Fragmentldngen und/oder unterschiedliche Sequenz-
strukturen erkléirt werden kann.

Schliisselworter: ACTBP2 Polymorphismus — Sequen-
zierung — Sequenzvariation — Allelische Leiter

Introduction

STR (short tandem repeat) systems are highly polymorphic
and sensitive markers for human identification (Edwards et
al. 1992; Brinkmann 1992; Kimpton et al. 1992; Poly-
meropoulos et al. 1992a; Wiegand et al. 1993). ACTBP2
(human beta-actin related pseudogene; Moos and Gallwitz
1983; Polymeropoulos et al. 1992b) is one of the most in-
formative systems with a heterozygosity index of at least
93% (Wiegand et al. 1993). Original data (Polymeropoulos
et al. 1992b) suggested that the basic sequence structure
was (AAAG);-(AAAAAG)-(AAAG),, and alleles differed
by a regular 4bp repeat. Recent validation studies have
shown a more complex sequence structure with additional
inter alleles differing by 1-3bp (Urquhart et al. 1993).

The aim of this study was to determine the variation of
sequence structure and the possibilities of interlaboratory
comparison.

Materials and methods

DNA was extracted from blood (Brinkmann et al. 1991) and quan-
tified using the slot blot technique and the human specific probe
D17Z1 (Gibco BRL).

The PCR protocol and electrophoresis for allele isolation was
carried out according to Wiegand et al. (1993).

Isolation of DNA fragments from heterozygous individuals after
silver staining: Gel pieces containing DNA bands were cut from
the gel and transferred to microfuge tubes. Elution of DNA was
carried out using the “crush and soak” method (Maniatis et al.
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Fig. 2. Sequence structure and fragment lengths of different
ACTBP2 alleles and the cell line K562. Underlined alleles are
used to construct the allelic ladder. (1) numbers reflect the total of
repeats including the unit AAAAAG:; deletions (—) and insertions
(+) in brackets, together with the number of bp. (2) fragment
lengths in base pairs (bp), as determined by Tag-Cycle-Sequenc-
ing, *1 AG deletion at position 131-132, *2 AAG insertion at po-
sition 93-95, *3 AAAG deletion at position 113-116, *4 GAAAG
at position 1-5, *5 GAAGG at position 1-5, *6 transversion from
A to T in repeat number 22, FR flanking region

1989) but modified using Centricon 100 (Amicon, Beverly, USA)
purification instead of ethanol precipitation.

Tag-Cycle-Sequencing: Eluted DNA fragments were reamplified
with 1-5u] Centricon 100 eluate as described above using a 1001
volume instead of 25ul. PCR products were desalted and concen-
trated using Centricon 100 (Amicon, Beverly, USA). Sequencing
reactions were carried out using the Taq Dye-Deoxy-Terminator
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA), one
third of the centricon eluate (100—400ng template DNA) and 0.5
UM sequencing primer (ACTBP2-primer 1: 5’AAT CTG GGC
GAC AAG AGT GA 3.
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Table 1. Allele composition of the ACTBP2-cocktail. Alleles are
characterised by their repeat number (including the AAAAAG
unit) and their fragment sizes as measured by the ABI Sequencer
373A in bp in combination with the structure as shown in Fig.2.

Allele designation Fragment length (bp)
(Genescan)

12 230
13(-2) 232
14(-2) 236
14 238
15 242
16 246
17 250
18 254
19 258
20 262
21 266
22 271
23 275
25 284
26 288
27 293
28 297
29 302
30 306
34(-4) 318
K562

26 289
28 297

Amplification conditions: 96°C — 15s, 60°C — 1553, 60°C — 4min:
25 cycles using a Perkin Elmer 9600

DNA was purified by phenol/chloroform extraction and
ethanol/NaAc (pH5.8) precipitation. The DNA pellet was dried
and 4ul loading buffer was added (formamide/SOmM EDTA
(5:1)). Heat denaturation was performed at 90°C for 2min.

Sequencing gel and analysis of sequence data: The samples were
separated in a 6% PAA gel with a separation distance of 24cm.
The gel solution consisted of 8.3 M urea, 6% acrylamide/bis-solution
and 1 X tris/borate buffer. The gel solution was filtered and de-
gased before the addition of 180l 10% ammonium peroxodisul-
fate solution and 24yl TEMED (N'N'N-"N"-Tetramethylethylen-
diamine). Electrophoresis was carried out on the ABI 373A Se-
quencer at 2500V, 40mA and 30W for 10-12 hours depending on
the length of the fragments. Sequence data was analysed automat-
ically on the ABI 373A Sequencer using the Data collection and
SeqEd software (Applied Biosystems, Foster City, CA).

Construction of the ACTBP2 ladder: The allelic ladder was ob-
tained after reamplification and combination of 20 sequenced alle-
fes. Separation of the alleles was carried out as described by Wie-
gand et al. (1993) as well as on a 6% denaturing gel (8.3 M urea,
6% acrylamide/bis-solution and 1 X tris/borate buffer, separation
distance 12cm, 800V, 45mA, 30W) using the fluorescence detec-
tion system (Applied Biosystems, Foster City, CA). The ACTBP2
primer 1 (5" AAT CTG GGC GAC AAG AGT GA 37) was la-
belled with FAM (5-carboxy-fluorescein). The fragment sizes
were automatically analysed using the Genescan software 672 and
the internal standard Genescan 2500 labelled with ROX (6-car-
boxyrhodamin X) (Applied Biosystems, Foster City, CA).
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Results

Sequence structure and variation of ACTBP2 alleles

A total of 50 different ACTBP2 fragments and the cell
line K562 were sequenced and analysed. The fragment
lengths ranged from 223bp to 309bp. Sequence data of
K562 revealed 281 bp and 289bp alleles (Fig.2). Two dif-
ferent types of structure variation can be described:

I. The lower allele range up to 259bp with 11 different
alleles which showed a common repeat structure (Fig. 1.1,
Fig.2) however 2 of these alleles had a 2bp deletion at
position 131-132 in the 5"-flanking region (No.13(-2) and
No.14(-2), Fig.2).

I1. The intermediate and upper allele range between
265 and 309bp which contained the hexanucleotide
AAAAAG in addition to the regular 4bp repeat. This ir-
regular unit occurs only once in each fragment but at
varying positions (Fig. 1.1, 2). This type showed 24 dif-
ferent sequence structures which are associated with 12
different fragment lengths. Variations were also observed
in the 5°-flanking region of 4 alleles with AAAG dele-

Fig. 3. Representation of the allelic ladder composed of 20 se-
quenced ACTBP2 alleles according to Fig.2 and Table 1. A Sam-
ples separated on a 6% denaturing gel and automatically analysed
on the ABT 373A Sequencer using the fluorescence detection sys-
tem and the Genescan software 672 (Applied Biosystems, Foster
City, CA). B Samples separated on a high resolution, non-denatur-
ing gel. Bands visualized by silver staining (Budowle et al. 1991).
cl=K562; see Fig.2

tions at the same site (position 113-116) and an AAG in-
sertion at position 93-95 in the fourth (Fig.2). Allele No.
27 (8-1-18; designation is according the sequence struc-
ture of (AAAG);-(AAAAAG);-(AAAG)g) showed a trans-
version from A to T in repeat number 22, leading to
TAAG (Fig.2). Furthermore all alleles belonging to the
type II-class showed a transition from A to G at position 4
in the 3 -flanking region (Fig.2).

Construction of the allelic ladder

The designation of the alleles was according to Fig.2 and
Table 1. A total of 20 sequenced alleles were selected
which span the whole allelic range (Table 1).

Separation of the alleles on a 6% denaturing gel and
analysis on the ABI 373A Sequencer generated a regu-
larly spaced allelic ladder (Fig.3A) of fragment lengths
corresponding to those obtained by sequencing, but were
in general measured to be 6-10bp longer.

The same alleles were separated on a horizontal high
resolution electrophoresis system using non-denaturing
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Fig. 4. Electrophoretic mo-
bilities in a non-denaturing
gel of 3 fragments with the
same lengths (293 bp) but
with different structures. C=
allelic cocktail of 20 se-
quenced alleles according to
Fig.3B; 1= allele No. 29
(9-1-19), Fig.2; 2= allele
No. 30(-4) (11-1-18), Fig.2;
3= allele No. 30(-4) (10-1-
19), Fig.2

gels (Fig.3B). Despite the different fragment lengths only
18 instead of the expected 20 alleles were visible. The al-
leles No. 12/No. 13(-2) and No. 25/No. 26 showed the
same electrophoretic mobility. Especially in the upper
range, alleles differing by 4bp revealed the same elec-
trophoretic mobility. In addition alleles with the same
fragment sizes but different sequence structure can show
different electrophoretic mobilities (Fig.4).

Discussion

Sequence data of 50 different alleles revealed not only
length polymorphism but also a highly variable sequence
polymorphism leading to a higher possibility of human
identification. Length and sequence polymorphism have
also been found within the human D11S5554 locus (Adams
et al. 1993) which contains repeat units similar to ACTBP2
in length and sequence. These findings indicate that the
extent of microheterogeneity is correlated with the base
composition in the repeat region. In contrast other STR
systems such as HumTHO1 (repeat: AATG) show a more
regular structure (Puers et al. 1993) or little microhetero-
geneity such as HumVWA (repeat: TCTG, TCTA).

In addition to the published data (Polymeropolous et
al. 1992b) 2 different types of sequence structures were
found at the locus ACTBP2 depending on the allele sizes
(Fig.2). The tetranucleotide repeats were more character-
istic of short alleles (223-259bp) whereas a more com-
plex structure was found in the upper allelic range. Repeat
differences could have evolved from the regular AAAG
repeat by insertions and/or deletions. So that this poly-
morphism could be informative for human evolution biol-
ogy. Once the hexamer had been acquired it remained a sta-
ble component in all alleles above No. 22 (11-1-10) which
would indicate that insertion of repeats was the more
regular occurrence. Even deletions are sometimes con-
served in subsequent alleles such as 30(-4) (11-1-18),
30(-4) (10-1-19) and 34(-4) (10-1-23). If the gap between
these observations can be filled in later on such branch-
ing effects could become interesting in interracial com-
parisons.

As reported previously, DNA fragments with AT-rich
sequences show anomalous electrophoretic mobilities
(Mertz and Berg 1974; Marini et al. 1982; Hagerman 1985)
which could be caused by secondary structure and/or
DNA-interaction with the gel matrix (Sullivan et al. 1992;
Kimpton et al. 1993).
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Non-denaturing and denaturing gels systems were
tested and it was demonstrated that electrophoretic mobil-
ities are influenced by the gel system applied. In denatur-
ing gels the migration of the alleles correlated with the
fragment sizes determined by sequencing but were in gen-
eral 6-10bp longer. Fragment sizes were measured using
Pstl-digested lambda DNA as internal standard and did
not represent the absolute length. This phenomenon could
be explained by structural differences between human
DNA and lambda DNA which can influence their elec-
trophoretic mobilities (Grossman 1989). Difficulties can
occur using non-denaturing gels because some fragment
lengths determined by side-to-side comparison do not cor-
respond to the appropriate fragment in the sequenced al-
lelic ladder.

As a consequence, further application of the STR sys-
tem ACTBP2 in forensic work needs the standardization
of the experimental conditions e.g. gel systems, gel com-
position and allelic ladders.

With the proposed allelic ladder of sequenced alleles
and a uniform electrophoretic system it would be possible
to overcome these problems and to standardize an impor-
tant feature for exact DNA typing in forensic work.
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