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Abstract

Using the polymerase chain reaction (PCR), we studied the short tandem repeat (STR)
polymorphism observed at the D12S391 locus. In 350 Japanese examined, 14 different alleles
ranging from 209 bp to 261 bp were detected. Allele 18 (221 bp) showed the highest frequency at
0.30. Observed and expected values of respective genotypes satisfied the Hardy–Weinberg

2equilibrium (x 524.08, P50.24, df520). In addition, 18 additional sequence structures (subal-
leles), were detected in this study. Within the suballeles, sequence variants, in which the initial
repeat of (AGAT) was replaced with (AGGT), was found in five samples. It was found that the
analysis of single-strand conformation polymorphism (SSCP) before sequence analysis was useful
for distinguishing these suballeles.  1999 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

The D12S391 locus shows short tandem repeat (STR) polymorphisms consisting of
repetitive basic structures of (AGAT) , (AGAC) and (AGAT) . Allele distributions inn m l

the D12S391 locus examined in Caucasians and Asians have been reported to be useful
for forensic purposes [1–3]. This locus contains compound repeat sequences, and there
are suballeles with different numbers of respective unit repeats (n, m and l) despite
identity in total number of repeats (n 1 m 1 l).
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Using denaturing polyacrylamide gels, we studied allele distributions in DNA samples
obtained from Japanese subjects along with single strand conformation polymorphism
(SSCP) [4] and sequence analyses.

2. Materials and methods

2.1. Samples for examination and DNA extraction

Peripheral blood samples obtained from 350 healthy unrelated Japanese were treated
with SDS and proteinase K, and DNAs were recovered by ethanol precipitation after
phenol /chloroform extraction.

2.2. Detection of the D12S391 locus

Oligonucleotide sequences 59-AACAGGATCAATGGATGCAT-39 (forward) and 59-
TGGCTTTTAGACCTGGACTG-39 (reverse) were used as the PCR primers [1] in a Hot
Start PCR using AmpliTaq Gold (Perkin Elmer, Norwalk, CA, USA). After an initial
denaturation at 948C for 10 min, the following PCR cycle was repeated for 30 cycles:
denaturation at 948C for 45 s, annealing at 568C for 1 min, and extension at 728C for 1
min.

PCR products were electrophoresed on 4% polyacrylamide gels containing 7 M urea
(3032030.04 cm), and the DNA bands were detected by silver staining. Allele typing
of amplified respective DNA fragments was performed based on a home-made allelic
ladder consisting of 11 sequenced alleles (15–25 repeats).

2.3. Sequence analysis

After electrophoresing the amplified PCR products of respective samples, targeted
DNA bands were eluted from the gel, and the eluted DNAs were reamplified by PCR.
Reamplified DNAs after purification were subjected to sequence reaction with a
Rhodamine Terminator Kit (Applied Biosystems, Foster City, CA, USA). After
terminating the reaction, nucleotide sequences were determined using the ABI
PRISM310 Genetic Analyzer (Applied Biosystems) and Sequence Analysis version 3.0
software for nucleotide sequence analysis.

2.4. SSCP analysis

SSCP analysis was performed using reamplified PCR products from the DNA
fragments of respective alleles eluted from electrophoretic gels. Subsequently, single-
stranded DNAs were obtained after thermal denaturation of amplified DNA fragments.
These single-stranded DNAs were electrophoresed on 8% polyacrylamide gels con-
taining 10% glycerin at 58C, and DNA bands were detected by SYBR Green II RNA Gel
Stain (FMC BioProducts, Rockland, ME, USA) staining.
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3. Results and discussion

Nucleotide sequences of all alleles used for establishing the allelic ladder were
analyzed beforehand, and it was confirmed that this allelic ladder includes DNA
fragments ranging from 209 bp (total of 15 repeats: allele 15) to 249 bp (total of 25
repeats: allele 25).

Table 1 shows the distribution of allele frequencies investigated in 350 unrelated
Japanese. Allele distribution was similar to that previously reported in Japanese [3], and
allele 28, seen only in Japanese, was detected in one sample. Observed and expected
values of respective genotypes were examined by chi-square analysis, and the results

2satisfied the Hardy–Weinberg equilibrium (x 524.08, P50.24, df520).
SSCP analysis demonstrated that amplified DNA fragments derived from allele 17

showed three different patterns on electrophoresis, while those derived from allele 20
showed four different patterns on electrophoresis (Fig. 1). Sequence analysis revealed
that these fragments had the same total number of repeats in the same alleles but were
different in n, m and l (the number of respective units). SSCP analysis was performed
using 202 DNA fragments ranging from alleles 15 to 25. As a result, each allele showed
from 1 to 5 different patterns on electrophoresis (total: 37 different patterns). Structures
of DNA fragments showing different electrophoretic patterns during SSCP analysis were
ascertained by sequence analysis. Sequence structures of suballeles could be speculated
by comparing three distinctive DNA bands above homoduplexes. That is (1) the gel
migration rate was high in DNA bands a1 and a2 derived from alleles with a smaller
number of repeats for the initial (AGAT) unit (n), and (2) the gel migration rate of DNA
band b derived from alleles with a sequence structure of (AGAT) (AGAC) (AGAT)n m

was higher than that derived from alleles with a sequence structure of (AGAT)n

(AGAC) .m11

Table 2 shows sequence structures of the repeated region (suballeles) as well as the

Table 1
aAllele frequency distribution and the statistical parameters at the D12S391 locus in Japanese

Allele Number observed Frequency

15 17 0.024
16 8 0.011
17 68 0.097
18 210 0.300
19 135 0.193
20 122 0.174
21 63 0.090
22 23 0.033
23 22 0.031
24 13 0.019
25 16 0.023
25, 3 0.004
Total 700 1.000

a Observed heterozygosity 0.81; expected heterozygosity 0.82; power of discrimination 0.95; polymorphic
information content 0.80.
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Fig. 1. SSCP-patterns of allele 17 and allele 20, amplified fragments. (A) Photograph of the SYBR Green II
RNA Gel Stain; (B) schematic drawing of the band patterns in allele 17; 1, (AGAT) (AGAC) (AGAT) ; 2,9 7 1

(AGAT) (AGAC) (AGAT) ; 3, (AGAT) (AGAC) (AGAT) ; 4, (AGAT) (AGAC) (AGAT) ; 5,10 6 1 11 5 1 12 7 1

(AGAT) (AGAC) ; 6, (AGAT) (AGAC) (AGAT) ; 7, (AGAT) (AGAC) ; M, 100 base-pair ladder; a1,12 8 13 6 1 13 7

a2, b, distinctive bands.

number of DNA fragments that showed the same gel migration pattern during SSCP
analysis. Table 2 also shows the results of sequence analysis of DNA fragments derived
from alleles 26, 27 and 28. Sequence variants, in which the initial unit (AGAT) in the
repeated region was replaced with (AGGT), were newly observed in five alleles larger
than allele 22. Including these variants, 18 additional sequence structures were detected
in this study. A new number of (AGAC) repeats, m55, was noted in one of allele 17
samples. Consequently, the consensus sequence structure of this STR system is now
(AGAT) (AGAC) (AGAT) , and alleles showing n , m or n 2 m . 10 in8–19 5–10 0–1
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Table 2
Sequence structures of the repeat region in Japanese samples

Allele Repeat sequence structures No. of Allele Repeat sequence structure No. of
a afragments fragments

15 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 15 22 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 118 6 1 13 8 1
b16 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 5 ? ? ? ? ?(AGAT) (AGAC) ? ? ? ? ? ? ? ? 48 7 1 13 9

? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 3 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 29 6 1 15 6 1

17 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 14 23 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 1010 6 1 14 8 1

? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 2 ? ? ? ? ?(AGAT) (AGAC) ? ? ? ? ? ? ? ? 59 7 1 14 9

? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 2 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 111 5 1 15 7 1

18 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 26 ?(AGGT) (AGAT) (AGAC) (AGAT) 111 6 1 1 13 8 1

? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 2 24 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 510 7 1 15 8 1

? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 314 9 1

19 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 18 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 112 6 1 13 10 1

? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 5 ? ? ? ? ?(AGAT) (AGAC) ? ? ? ? ? ? ? ? 111 7 1 15 9

? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 1 ?(AGGT) (AGAT) (AGAC) (AGAT) ? ? 110 8 1 1 14 8 1

20 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 12 25 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 813 6 1 16 8 1

? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 6 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 112 7 1 15 9 1

? ? ? ? ?(AGAT) (AGAC) ? ? ? ? ? ? ? ? 4 ? ? ? ? ?(AGAT) (AGAC) ? ? ? ? ? ? ? ? 112 8 16 9

? ? ? ? ?(AGAT) (AGAC) ? ? ? ? ? ? ? ? 1 ?(AGGT) (AGAT) (AGAC) (AGAT) ? 113 7 1 14 9 1

21 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 17 ?(AGGT) (AGAT) (AGAC) (AGAT) ? 112 8 1 1 15 8 1

? ? ? ? ?(AGAT) (AGAC) ? ? ? ? ? ? ? 5 26 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 112 9 17 8 1

? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 513 7 1

? ? ? ? ?(AGAT) (AGAC) ? ? ? ? ? ? ? 1 27 ?(AGGT) (AGAT) (AGAC) (AGAT) ? 111 10 1 16 9 1

? ? ? ? ?(AGAT) (AGAC) ? ? ? ? ? ? ? 1 28 ? ? ? ? ?(AGAT) (AGAC) (AGAT) ? ? 114 7 18 9 1

a The number of DNA fragments that showed the same gel migration pattern during SSCP analysis.
b Additional sequence structure shown in bold.

repeat structures have not been detected to date. Interalleles 17.3, 18.3 and 19.3 reported
previously [2,3,5], could not be detected in this study.

The D12S391 locus is highly polymorphic in Japanese. Moreover, it has many alleles,
high heterozygosity, PD and PIC, which are equivalent to those of HUMVWFA31 locus
[6–8] with compound repeats in STR structure as well. For STR systems composed of
repeat regions where the sequence may vary such as D12S391 and HUMVWFA31 loci,
it is recommended by the ISFH DNA commission [9] that designation of alleles should
refer to the total number of full repeats, although the sequence can be different.
Therefore, the general methods using denaturing polyacrylamide gel electrophoresis can
be applied to routine examinations in the forensic laboratory for the D12S391 system.
Furthermore, a higher power of exclusion can be obtained by detecting suballeles with
SSCP analysis or sequencing.
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