
Abstract The hypervariable short tandem repeat (STR)
locus D12S391 was investigated in a Korean population
and 34 fragments were sequenced to confirm the structure
of alleles. From these sequenced fragments an allelic lad-
der containing 13 sequenced alleles was constructed.
From 595 unrelated Koreans, 14 alleles were detected and
one variant allele 19.3 was observed. The observed het-
erozygosity was 0.795 and no deviation from Hardy-
Weinberg equilibrium was observed in the Korean popu-
lation (p = 0.606). The allele frequency distribution in the
Korean population was not similar to other racial or ethnic
groups except for Egyptians, Yemenis, Japanese and Cau-
casoids from the Rhine area. No mutations were observed
in the 702 meioses from 144 Korean families. This study
demonstrates that the STR locus D12S391 is a useful tool
for forensic identification and parentage testing.
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Introduction

Since short tandem repeat (STR) markers have smaller
fragment sizes than other polymorphic markers such as
variable numbers of tandem repeat, STR loci can be eas-
ily amplified by PCR from small amounts of DNA and
even from degraded template DNA. Analyses of STR loci
are highly useful tools for forensic identification and pa-
ternity test (Clayton et al. 1995; Edwards et al. 1991). In
addition, the tetranucleotide repeat loci are more useful in
forensic cases, because they do not give rise to the mul-
tiple artificial bands characteristic of mono- and di-

nucleotide repeats (Edwards et al. 1992). The locus
D12S391 is a powerful STR marker for forensic case-
work. It was first described by Lareu et al. (1996a) and is
a compound STR consisting of tetranucleotide repeat
units (AGAT and AGAC) which vary in numbers between
alleles. The heterozygosity of D12S391 is similar to that
of complex STRs.

Before a new STR marker system can be applied to
forensic identification or paternity testing, a study for the
relevant population must be made. Since there has been
no previous population study, we analysed the frequency
distribution of D12S391 alleles in Koreans and carried out
a family study to investigate the genetic stability of this
system.

Materials and methods

DNA extraction

Genomic DNA was extracted by the salting-out method from
whole blood samples (Miller et al. 1988) and by the chelex method
from hair or buccal swabs (Walsh et al. 1991). A total of 595 un-
related Koreans and 351 children from 144 unrelated Korean fam-
ilies participated in the population study and the mutation study,
respectively. The familial relationship was confirmed by using 17
other STR loci. The quantity of DNA extracted from whole blood
was estimated using a UV spectrophotometer (DU-650, Beckmann
Instruments, Westbury, NY).

Amplification

The D12S391 locus was amplified using the primers described by
Lareu et al.(1996b). The 5′ end of the reverse primer was labelled
with 6-FAM (6-carboxyfluorescein, Genosys, USA). PCR amplifi-
cation was performed using 1 ng of genomic DNA extracted from
blood or aliquots of 2–4 µl of the extracts of hair and buccal swab
in a 25 µl reaction volume. Reactions were carried out in 10 mM
Tris-HCl (pH 8.8), 15 mM (NH4)2SO4, 0.1% Triton X-100, 0.01%
gelatin, 200 µM dNTPs, 3 mM MgCl2, 0.2 µM of each primer and
0.625 U AmpliTaq DNA polymerase (PE Biosystems, Foster City,
Calif.). PCR was carried out using 30 cycles of 94°C for 1 min, 
61°C for 1 min and 72°C 1 min in a GeneAmp PCR system 9600
(PE Applied Biosystems).

Y.-W. Lee · I.-H. Kang · S.-M. Kim · H.-L. Lee ·
T.-W. Koo · H.-S. Lee · J.-J. Hwang

Population genetics of the hypervariable locus D12S391 in Koreans

Int J Legal Med (2000) 114 :118–121 © Springer-Verlag 2000

Received: 15 September 1999 / Accepted: 18 December 1999

SHORT COMMUNICATION

Y.-W. Lee · I.-H. Kang · S.-M. Kim · H.-L. Lee · T.-W. Koo ·
H.-S. Lee · J.-J. Hwang (�)
Department of Legal Medicine, College of Medicine, 
Korea University, 126-1 5Ga, Anam-Dong, Sungbuk-Ku, 
Seoul 136-705, Korea 
e-mail: jjhwang@korea.ac.kr; 
Tel.: +82-2-9283901; Fax: +82-2-9206148



Electrophoresis

The samples were denatured at 95°C for 2 min before being 
loaded and electrophoresis was carried out on a 4% polyacrylamide
sequencing gel on an ABI 377 Genetic Analyzer (PE Biosystems)
using the internal size standard Genescan 500 labelled with ROX
(6-carboxyrhodamin) for 2 h at a constant 3000 V with a fixed
temperature of 51°C. Fragment sizes were determined automati-
cally using Genescan software ver 2.1 (PE Applied Biosystems),
and typed by comparison with the allelic ladder using Genotyper
software ver 2.1 (PE Biosystems).

Allelic ladder and allelic designation

A total of 13 sequenced alleles from 14–28 were selected to con-
struct the allelic ladder (Fig.1). The allelic designation was made
according to the recommendations of the DNA commission of the
International Society for Forensic Haemogenetics (Bär et al. 1997).

Sequencing

After polyacrylamide gel electrophoresis and silver staining, the
DNA fragments were eluted from the gel as described by Möller
and Brinkmann (1994). Eluted DNA fragments were reamplified
for sequencing. The sequencing reactions for both strands were
performed by using the BigDye Terminator Cycle Sequencing
Ready Reaction kit (PE Applied Biosystems). Electrophoresis was
carried out on a 4.5% polyacrylamide sequencing gel on an ABI
377 Genetic Analyzer (PE Applied Biosystems) at a constant 3000
V for 2 h. Sequences were analysed using the sequencing analysis
software ver 2.1 (PE Applied Biosystems).

Statistical analysis

The expected and observed heterozygosity, the power of discrimi-
nation (PD), the mean exclusion chance (MEC) and polymorphic
information content (PIC) and tests for Hardy-Weinberg expecta-
tions were calculated using the program ‘DNA View’ (Charles
Brenner, Berkeley, Calif.). The allele frequencies in the Korean
population were compared with those of other populations by the
exact test using a StatXact software ver 3.1 (Cytel Software Cor-
poration, Cambridge, MD).

Results and discussion

Population data

A total of 14 different alleles at the D12S391 locus were
identified in 595 unrelated Koreans. The frequency distri-
bution of the observed alleles and genotypes is shown in
Table 1. Allele 18 was the most common, as found in
other populations (Gene et al. 1998; Glock et al. 1997;
Junge and Madea 1999; Klintschar et al. 1998; Lareu et al.
1996a; Phillips et al. 1998b; Waiyawuth et al. 1998) and
52 genotypes were found with the genotype 18/19 being
the most frequent.

Sequence analysis

After sequencing 33 alleles, 20 different sequence vari-
ants were found which could be grouped into 13 allelic
groups based on the total number of repeat units. The se-
quence structures of the repeat region in these alleles are
shown in Table 2. Additionally, three new sequence vari-
ants were identified with varying compositions of the
number of (AGAT) and (AGAC) repeats. The first “A” in
the second (AGAT) repeat unit was deleted in an incom-
plete variant allele 19.3. The allele 28 previously identi-
fied only in Japanese was also detected in Koreans and the
repeat unit structure was identical to that of the Japanese
(Waiyawuth et al. 1998). According to Lareu et al. (1996
a, b), small alleles from allele 15–18 only show variations
in the (AGAT) repeating unit. However, the allele 16 in
the Korean population also showed variation in the
(AGAC) repeat unit.
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Table 1 Allele frequency and statistical parameters at the
D12S391 locus in Koreans (n = 595)

Allele Frequency

14 0.001
15 0.024
16 0.006
17 0.108
18 0.282
19 0.223
19.3 0.001
20 0.145
21 0.102
22 0.058
23 0.029
24 0.013
25 0.007
28 0.001

Heterozygosity expected 0.822
Heterozygosity observed 0.795
Power of discrimination 0.946
Mean exclusion chance 0.652
Polymorphism information content 0.811

Fig.1 Allelic ladder of the D12S391 locus containing 13 se-
quenced alleles from Koreans and the allele designation is based
on the number of ‘AGAY’ (Y = C or T) repeats



Statistical analysis

The genotype distribution showed no deviation from
Hardy-Weinberg equilibrium in the Korean population 
(p = 0.652, exact test). The values for expected and ob-
served heterozygosity, power of discrimination, mean ex-
clusion chance, and polymorphism information content
are shown in Table 1.

A quantitative comparison of allele frequencies be-
tween the Korean and other populations is shown in Table
3. No significant differences were detected between Kore-
ans and Egyptians, Yemenis, Japanese or Caucasoids from
the Rhine area (Junge and Madea 1999; Klintschar et al.
1998; Shigeta et al. 1999; Waiyawuth et al. 1998) (p >
0.01). However, the allele distributions of the Korean
population were significantly different from those of Cau-
casoids from different areas, Chinese, Thais, Mozambi-
cans, and Portuguese (Corte-Real et al. 1999a, b; Gene et
al. 1998; Glock et al. 1997; Junge and Madea 1999;
Klintschar et al. 1998; Lareu et al. 1996a; Phillips et al.
1998b; Waiyawuth et al. 1998).

Mutation rates

Samples from 351 children from 144 families were
analysed to test the genetic stability of the locus D12S391.
The age distribution of the parents at the birth of the child
is shown in Table 4. The youngest father and mother were
28 and 27 years old, respectively and the oldest father and
mother were 75 and 69, respectively. Brinkmann et al.re-

ported 1 mutation in 562 meioses of Caucasoids living in
Germany or Austria (1998), but no mutations in this study
were detected in a total number of 702 meioses.

In conclusion, the STR locus D12S391 is a powerful
tool for forensic identification and paternity testing in the
Korean population.
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Table 2 Sequence variations at the D12S391 locus in Koreans

Allelic Size Sequence in the repeat region No. of 
group (bp) sequenced

alleles

14 205 (AGAT)7(AGAC)6(AGAT)1 1
15 209 (AGAT)8(AGAC)6(AGAT)1 2
16 213 (AGAT)9(AGAC)6(AGAT)1 1

213a (AGAT)8(AGAC)7(AGAT)1 1
17 217 (AGAT)10(AGAC)6(AGAT)1 2
18 221 (AGAT)11(AGAC)6(AGAT)1 5

221 (AGAT)10(AGAC)7(AGAT)1 1
19 225 (AGAT)12(AGAC)6(AGAT)1 4

225a (AGAT)11(AGAC)8 1
19.3 228 (AGAT)GAT(AGAT)10(AGAC)7(AGAT)1 1
20 229 (AGAT)13(AGAC)6(AGAT)1 3

229 (AGAT)12(AGAC)7(AGAT)1 1
21 233 (AGAT)12(AGAC)8(AGAT)1 2

233 (AGAT)12(AGAC)9 1
22 237 (AGAT)15(AGAC)6(AGAT)1 1

237 (AGAT)13(AGAC)9 2
23 241a (AGAT)13(AGAC)9(AGAT)1 1

241 (AGAT)14(AGAC)9 1
24 245 (AGAT)14(AGAC)9(AGAT)1 1
25 249 (AGAT)15(AGAC)9(AGAT)1 1
28 261 (AGAT)19(AGAC)8(AGAT)1 1

a Additional new sequence variants of the D12S391 alleles that
have not been identified in previously published reports

Table 3 A comparison of allele frequencies of the Korean and
other racial/ethnic groups

Populations na p valueb

Caucasoids, Austria (Glock et al. 1997) 150 < 0.0001
Caucasoids, Austria (Klintschar et al. 1998) 100 < 0.0001
Caucasoids, Germany (Lareu et al. 1996b) 188 < 0.0001
Caucasoids, Germany (Waiyawuth et al. 1998) 124 < 0.0001
Caucasoids, Germany (Junge and Madea 1999) 158 0.1857
Caucasoids Italy (Klintschar et al. 1998) 152 0.0011
Caucasoids, Spain (Lareu et al. 1996b) 166 < 0.0001
Caucasoids, Spain (Gene et al. 1998) 167 0.0006
Caucasoids, UK (Phillips et al. 1998a) 260 < 0.0001
China (Waiyawuth et al. 1998) 222 < 0.0001
Egypt (Klintschar et al. 1998) 100 0.3744
Japan (Waiyawuth et al. 1998) 100 0.0590
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Mozambique (Corte-Real et al. 1999a) 103 < 0.0001
Portugal (Corte-Real et al. 1999b) 142 0.0056
Thai (Waiyawuth et al. 1998) 154 < 0.0001
Yemen (Klintschar et al. 1998) 104 0.1065

a Number of individuals analysed from published population stud-
ies
b Exact test using Monte-Carlo method

Table 4 The age distribution of the parents at the birth

Father Mother

Age No. of meioses Age No. of meioses

< 19 0 < 19 6
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30–34 300 30–34 152
35–39 88 35–39 24
≥ 40 12 ≥ 40 4
Unknown 52 Unknown 52
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