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Abstract This paper reports the sequences of eleven
D8S1179 and twenty one D18S51 alleles. The D8S1179
alleles ranged in size from 162 bp to 202 bp and increased
in size by regular 4 bp increments. They were shown to
possess a compound repeat region composed of the
tetranucleotides TCTA and TCTG. Alleles at the D18S51
locus ranged in size from 271 bp to 343 bp and possessed
a simple repeat region composed of the tetranucleotide
AGAA. The majority of alleles increased in size by 4 bp
increments corresponding to the addition of one tetranu-
cleotide repeat unit. However, three alleles differed in size
by 2 bp from the 4 bp increment as a result of a dinu-
cleotide insertion within the 3’ flanking region. These al-
leles also exhibited an altered 3’ flanking sequence in the
first four nucleotides following the repeat region. The al-
lelic designations proposed for these loci on the basis of
this sequence data are currently being used in a multiplex
PCR profiling system employed in a National DNA data-
base in the United Kingdom.
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Introduction

The polymorphic nature of many short tandem repeat
(STR) loci, and their accessiblity to amplification using
the polymerase chain reaction (PCR), has seen their in-
creasing use in forensic identitly testing. A number of
DNA profiling systems based on the singleplex (Alonso et
al. 1993; Wiegand et al. 1993; Moller and Brinkmann
1994; Moller et al. 1995) or multiplex amplification
(Hochmeister et al. 1995; Pestoni et al. 1995) of STR loci
have been evaluated for use with forensic samples. Two
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DNA profiling systems which are based on the muliplex
amplification of STR loci, combined with an automated
fluorescent detection system, are currently employed in
this laboratory and those of the Forensic Science Service
(Kimpton et al. 1994; Oldroyd et al. 1995; Urquhart et al.
1995). As part of the validation of these two profiting sys-
tems the alleles of each STR locus employed have been
sequenced in order to establish the repeat unit sequence
and assign allelic designations. This paper reports the re-
sults of these sequencing studies on alleles identified at
the D18S51 (Straub et al. 1993) and D8S1179 (selected
from the Co-operative Human Linkage Centre database
(CHLC), Oldroyd et al. 1995) loci. Data from the repeat
unit and flanking regions are presented and allelic desig-
nations are proposed.

It has recently emerged that the STR locus D8S1179
had previously been incorrectly designated as D6S502.
This was due to a labelling error at a laboratory contribut-
ing to the CHLC database (A. Urquhart. Forensic Science
Service, personal communication). It should be noted that
the oligonucleotide primer sequences and the CHLC des-
ignation of GATA7GO07 have remained unchanged. Fur-
thermore, there are no other loci on chromosome 8, used
in the multiplex system employing D8S1179, to which it
could be linked.

Materials and methods
Sample preparation

Sequence analysis of individual D8S1179 and D18S51 alleles, iso-
lated from donated blood samples, was carried out as described pre-
viously (Barber et al. 1995, 1996). However, the following modifi-
cations were made: the 1st and 2nd round PCR amplification condi-
tions were 95°C for 60 s, 60°C for 60 s, 72°C for 60 s and a final
extension at 72°C for 10 min. D8§1179 and D18S51 alleles were
amplified separately using the primer sequences:

D8-1 STTTTTGTATTTCATGTGTACATTCGy
D8-2 YCGTAGCTATAATTAGTTCATTTTCy (Oldroyd et al. 1995)

D18-1 "CAAACCCGACTACCAGCAACy

D18-2 Y*GAGCCATGTTCATGCCACTG, (Straub et al. 1993)
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In the 2nd round amplification step two separate reactions were
carried out using primers with a 5 biotin label on either the sense
or anti-sense strands in order to obtain sequence data from both
DNA strands.

Solid phase sequencing reactions

Solid phase sequencing of the sense and anti-sense strands of
D8S1179 alleles and the antisense (TCTT) strand of D18S51 al-
leles was carried out using a Prism T7 Sequenase dye terminator
single stranded sequencing kit (Applied Biosystems) as de-
scribed previously (Barber et al. 1995, 1996). The sequencing
primer was the non-biotinylated primer used in the second round
PCR amplification reaction. However, sequence analysis of the
sense strand (AGAA) of D18S51 alleles was carried out by
Thermo Sequenase (Amersham Life Science) dye terminator cy-
cle sequencing as follows: an aliquot of the second round ampli-
fication, containing 0.50 ug of DNA, was added to 300 ug of
Dynabeads M-280 Streptavidin (Dynal) in the presence of a final
concentration of 2 M lithium chloride and incubated at 48° C for
15 min. All the following wash steps were carried out in a total
volume of 500 pl with the aid of an MPC-E magnetic block (Dy-
nal). The immobilised DNA was washed in TT buffer (250 mM
Tris-HCI pH 8.0, 0.1% Tween 20) and then in double distilled
water prior to being denatured in 100 ul of 1.5 M NaOH for 4
min at room temperature. The eluted nonbiotinylated strand was
removed and the DNA/bead complex washed sequentially in TT
buffer and TET buffer (10 mM Tris-HC1 pH 8.0, 1 mM EDTA,
0.1% Twen 20) before being resuspended in an appropriate vol-
ume of water. )

The sequencing reactions were carried out in a Perkin Elmer
Cetus 9600 thermal cycling block for 25 cycles of 96°C for 30 s,
54°C for 15 s and 60° C for 240 s using a total reaction volume of
20 ul. The sequencing primer was the non-biotinylated primer
used in the second round PCR amplification reaction. The com-
pleted sequencing reactions were made to a total volume of 100 ul
and the unincorporated labelled terminators removed by extraction
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with an equal volume of phenol:water:chloroform (68:18:14).
The samples were vigorously mixed with a vortex and cen-
trifuged at 13000 rpm for 5 min. The aqueous phase was re-
moved and re-extracted with a 100 ul aliquot of phenol:
water:chloroform as before. The aqueous phase was removed and
the sequencing products precipitated by the addition of 151l of 2
M sodium acetate (pH 4.5) and 300 pl of 100% ethanol. The sam-
ples were placed on ice for 15 min then centrifuged at 13 000 rpm
for 15 min at room temperature. The DNA pellet was washed
with 500 pl of 70% ethanol then dried under vacuum. The sam-
ples were then resuspended in 4 Ul of loading buffer (deionised
formamide containing 5 mM EDTA, pH 8.0), denatured at 90°C
for 4 min and placed on ice.

The sequencing products were loaded onto a 6% polyacry-
lamide gel containing 8.3 M urea and 1 x TBE buffer (90 mM
Tris-HCl, 90 mM boric acid, 0.125 mM EDTA, pH 8.3) and
analysed on a model 373A automated DNA sequencer (Applied
Biosystems). Electrophoresis was carried out at 2500 V, 40 mA,
30 W and 40°C for 12 h. Sequence data were analysed using
373A version 1.2.1 analysis software (Applied Biosystems). Con-
sensus sequences were created from the sense and antisense
strands using SeqEd version 1.0.3 software (Applied Biosys-
tems).

Results
D8S1179

A total of eleven D8S1179 alleles have been identified
and sequenced in the present study that range in size from
162 bp to 202 bp when amplified with the PCR primers
previously described. All the alleles identified increased
in size by regular 4 bp increments and the nucleotide se-
quences of the repeat regions are shown Fig. 1. Alleles at
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323 AGAA,, AAAG  AGAGAG 22
327 AGAA,, AAAG  AGAGAG 23
331 AGAA,, AAAG  AGAGAG 24
3397 AGAA,, AAAG  AGAGAG 26
343t AGAA,, AAAG  AGAGAG 27

the lower end of the observed size range (162-178 bp)
possess a simple repeat region based on the tetranu-
cleotide TCTA. However, alleles at the upper end of the
observed size range (182-202 bp) possess a compound
repeat region composed of the tetranucleotides TCTA
and TCTG. No sequence variation was observed in ei-
ther the 5” or 3’ flanking regions within the sample of al-
leles examined in this study. On the basis of this se-
quence data the repeat unit of D8S1179 alleles is desig-
nated as TCTR, where R represents A or G, in accor-
dance with the recommendations of the Nomenclature
Committee of the International Union of Biochemistry
(1985).

D18S51

A total of twenty one D18S51 alleles have been identified
and sequenced in the present study that range in size from
271 bp to 343 bp when amplified with the PCR primers
previously described. Sequence analysis has shown that
D18S51 alleles possess a simple repeat region composed
of the tetranucleotide AGAA (see Fig.2). Eighteen of
these alleles were seen to increase in size by regular 4 bp
increments corresponding to the addition of one tetranu-
cleotide (AGAA) repeat unit. It was noted, however, that
the difference in size between the 331 and 339 bp alleles
was 8 bp so the existance of an allele of 335 bp could be



M. D. Barber and B. H. Parkin: Sequencing of STRs D185S51 and D8S1179 65

inferred but has, as yet, not been observed. In addition,
three alleles (289, 293 and 297 bp) differed in size by 2 bp
from the 4 bp increment. These alleles exhibited an al-
tered 3’ flanking sequence in the first four nucleotides fol-
lowing the repeat region and also appeared to have an AG
dinucleotide insertion as shown in Fig. 2. The exact loca-
tion of this insertion is not known as it occurs within a re-
gion containing a number of tandemly repeated AT dinu-
cleotides. This altered 3" flanking sequence could have
arisen as a result of an A to G transition in the first four
nucleotides following the repeat region (AAAG to
AGAG). However, this would have to be accompanied by
a duplication of an AG dinucleotide within this region.
Such a mutation may have arisen through slipped mispair-
ing, which has been shown to be a significant mutational
mechanism in regions of DNA containing tandemly re-
peat sequences (Streisinger et al. 1996; Efstratiadis et al.
1980; Mahtani and Willard 1993), although the exact mu-
tational mechanisms is unknown.

Discussion

The objective of the present study was to sequence repre-
sentatives of each allele size observed at the D8S1179 and
D18S51 STR loci in order to establish their repeat unit
structure and assign allelic designations. In accordance
with the recommendations of the DNA Commission of
the International Society for Forensic Haemogenetics al-
leles of STR loci are designated according to the number
of repeat units each allele contains (ISFH recommenda-
tions 1992, 1994). Such a system eliminates problems as-
sociated with a nomenclature based on amplified frag-
ment size which requires very accurate sizing of individ-
ual alleles. It also simplifies the presentation of STR evi-
dence in court and facilitates direct comparison of STR
typing results obtained in different laboratories where al-
ternative primer sequences may have been used. When an
allele does not conform to the standard repeat unit motif it
1s designated with a suffix showing the number of base
pairs present in the partial repeat. This system has been
used to designate alleles differing by 2 bp from the regu-
lar 4 bp increment at the HumFIBRA/FGA locus (Barber
et al. 1996). The designations for D8S1179 alleles (Fig. 1)
range from 8 for the 162 bp allele to 18 for the 202 bp al-
lele. The designations for D18S51 alleles (Fig.2) range
from 9 for the 271 bp allele to 27 for the 343 bp allele.
The three alleles (289, 293 and 297 bp) which differ by 2
bp from the regular 4 bp increment are designated as 13.2,
14.2 and 15.2 respectively. These designations are cur-
rently being employed in assigning D8S1179 and D18S51
alleles in a multiplex profiling system employed in a Na-
tional DNA database in the United Kingdom.
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