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Table 1 The distrbution of six STR allele frequencies in Japanese and Chinese

Allel Japanese Chinese

Sl D8s1179 D21S11 DI8S51 D5S818 D13S317 D7S820| D8S1179 D21S11 DI18S51 D5S818 D13S317 D7S820
6 0.0033 0.0017

7 0.0017 0.0050 0.0050 0.0167 0.0017 0.0033
8 0.0100 0.2583 0.1150 | 0.0033 0.0050 0.2917 0.1183
9 0.0083 0.0750 0.1250 0.0684 | 0.0100 0.0717 0.1283  0.0633
10 0.1600 0.1933 0.1150 0.2300 | 0.0867 0.0033 0.1867 0.1617  0.2000
11 0.1000 0.0067 0.2883 0.2200 0.3067 | 0.0983 0.0067 0.2966 0.2400  0.3467
12 0.0900 0.0433 0.2367 0.2100 0.2183 | 0.1100 0.0283 0.2366 0.1367 0.2267
13 0.2283 0.2067 0.1733 0.0567 0.0483 | 0.3050 0.2067 0.1750 0.0333 0.0367
13.2 0.0050

14 0.1850 0.1983 0.0117 0.0083 0.0083 | 0.1717 0.2183 0.0067 0.0066 0.0050
14.2 0.0033

15 0.1417 0.1633 0.0067 0.0017 0.1400 0.1983 0.0033

16 0.0800 0.1717 0.0617 0.1000

17 0.0067 0.0783 0.0133 0.0717

18 0.0367 0.0367

19 0.0250 0.0483

20 0.0217 0.0300

21 0.0267 0.0217

22 0.0033 0.0117

23 0.0050 0.0117

24 0.0017 0.0033 0.0033

25 0.0017 0.0067

26 0.0017 0.0033

27

28 0.0600 0.0584

28.2 0.0033 0.0083

29 0.2100 0.2050

29.2 0.0017

30 0.3317 0.2283

30.2 0.0133 0.0133

31 0.0900 0.1683

31.2 0.0717 0.0567

32 0.0300 0.0500

32.2 0.1100 0.1183

33 0.0167 0.0033

33.2 0.0483 0.0667

34 0.0033 0.0067

34.2 0.0083 0.0083




Table 2 The statistical data of six STR loci
in Japanese and Chinese

Japanese Chinese

H PIC DP H PIC DP

D8S1179] 0.8434 0.8366 0.9602 | 0.8245 0.8151 0.9486
D21S11 | 0.8132 0.8033 0.9375 | 0.8495 0.8492 0.9604
D18S51 | 0.8505 0.8484 0.9616 | 0.8490 0.8402 0.9602
D5S818 | 0.7875 0.7682 0.9219 | 0.7851 0.7519 0.9192
D13S317] 0.8086 0.8003 0.9363 | 0.7949 0.7646 0.9281
D75S820 | 0.7851 0.7653 0.9217 | 0.7690 0.7354 0.9121

* H: Heterozygosity
PIC: Polymorphism information content
DP: Distinguishing Probability
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Application of electrophoresis technology to DNA
analysis

We used the variable number tandem repeat (VNTR) polymorphism and the ten short
tandem repeat (STR) polymorphisms to study a number of disputed paternity cases in
the Japanese population. For the determination of VNTR locus (D1S80) and the ten
STR loci (vWA, F13B, THO1, TPOX, CSF1PO, F13A01, LPL, D3S1744, D12S1090,
D185S849) we used polymerase chain reaction (PCR) amplification and the vertical
polyacrylamide gel electrophoresis technique followed by SYBR green | staining. The
irregular repeats were analyzed by sequencing from bands of vertical polyacrylamide
gel electrophoresis using the latest gene analyzing equipment, the AB! PRISM 310
Genetic Analyzer. The probable genotypes of the deceased putative father were
deduced by Komatu's method from the genotypes of the widow and the genotypes of
their children. The calculation of paternity probability used the Essen-Moller formula
and Bayes's theorem. Calculated in eleven loci, the distinguishing probabilities (DP)
and the mean exclusion chance (MEC) were 0.9999 and 0.9989, respectively. There-
fore, information obtained from eleven DNA polymorphisms is enough to determine
paternity plausibility.

Keywords: Vertical polyacrylamide gel electrophoresis / Polymer capillary electrophoresis / DNA
polymorphism / Paternity testing EL 3668

1 Introduction

In recent years, electrophoretic technology showed a truly
dramatic development in the area of biological research.
The polyacrylamide gel electrophoresis (PAGE) tech-
nique is available for the analysis of DNA polymorphism
and the study of genome organization [1]. Especially the
allele size and repeats can be determined precisely by
high-resolution PAGE technique [2]. DNA polymorphism
is widely used in areas such as criminal investigation,
human identification, and paternity testing [3]. In particu-
lar, the highly distinguishable polymer capillary electro-
phoresis is an important complement to the analysis of
DNA sequence using the ABI PRISM 310 Genetic Ana-
lyzer [4]. The allele frequency distribution of D1S80 VWA,
F13B, THO1, TPOX, CSF1PO, F13A01, LPL, D3S1744,
D1251090, and D18S849 has been reported in the Japa-
nese population [5-8]. The D1S80 locus has 26 alleles,
and the ten STR loci have 108 alleles, which were ob-
served in the Japanese population. This report deals with
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cine, Tokyo Women's Medical University, School of Medicine, 8-
1 Kawada-cho, Shinjuku-ku, Tokyo, Japan

E-mail: xiuling @ research.twmu.ac.jp
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Abbreviations: DP, distinguishing probabilities; MEC, mean ex-
clusion chance; VNTR, variable number of tandem repeats
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two cases of special paternity testing. In the first case the
widow of the putative father and their children, as well as
the alleged children and their mother, were tested for the
eleven DNA polymorphisms. From the results, the proba-
bilities a posteriori for the possible genotypes of the
deceased putative father were estimated by means of the
principle given by Komatu based on Essen-Moller's theo-
rem. Then, the probability of paternity was calculated
according to the method described by Komatu. In the sec-
ond case, for detection of the irregular repeats and confir-
mation of the genotypes, we used sequencing analysis
from the bands of vertical polyacrylamide gel electro-
phoresis followed by sequencing analysis software Ver-
sion 3.0.

2 Materials and methods

2.1 DNA extraction

Samples were obtained from Japanese individuals in dis-
puted paternity casework. DNA was extracted from whole
blood using John's method [9].

2.2 PCR amplification

Each amplified sample contained 50 ng DNA (0.25 units)
of Tag DNA polymerase, 2.5 pL of primer and 2.5 ulL of
10 X dNTPs in 10 X PCR buffer. PCR amplification was
performed for 30 cycles in DNA Thermal Cycler 480 (Per-

0173-0835/00/0202-0334 $17.50+.50/0
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Table 1. The results of VNTR and STR analysis in the case of a deceased putative father
Locus Widow Son Daughter Daughter Common Alleged Alleged
1 2 law wife daughter 1 daughter 2
D1S80 19, 43 19, 24 19, 25 24,43 29,43 25,43 25,29
CSF1PO 11,12 12,12 11,12 11,12 11,12 11,12 11,12
F13A01 4, 6 6, 6 6, 6 4, 6 4, 6 4, 6 4, 6
F13B 8,10 8, 8 8,10 8, 8 9,10 8, 9 8 9
LPL 10,10 10, 11 10, 11 10, 11 10,12 11,12 10, 11
THO1 7, 9 7, 9 7, 9 9 9 6, 9 9, 9 9, 9
TPOX 8, 11 8, 8 11, 11 11, 11 11, 11 11, 11 11, 11
vWA 17,18 18,18 17,18 17,18 19, 20 18, 20 18, 20
D3S1744 15,16 15,19 15,18 16,19 16, 18 16,18 18, 19
D12S1090 20, 26 12,26 20, 26 12,26 25,27 12,25 25,26
D185849 14,16 15, 16 14,17 15,16 15,16 15,16 15,17
Table 2. The estimative possible genotypes of the Table 3. The results of VNTR and STR analysis in a
deceased putative father from the widow and disputed paternity case
children Locus Mother  Daughter Son* Putative

Locus Rate of possible genotypes of the father

deceased putative father D1580 18,28 28,30 18,30 25,30
D1S80 24,25 (1.00) CSF1PO* -~ 10,13 10,12 9,10 11,12*
CSF1PO 12 (0.61), 11,12 (0.26), Other (0.13) F13A01 4, 6 4, 6 4, 6 6, 6
F13A01 4, 6(031), 6(0.62), Other (0.07) F13B 9,10 10, 10 9,10 8,10
F13B 8(0.13), 8,10 (074), Other (0.13) LPL 11,12 12,12 11,12 10, 12
LPL 10,11 (0.55),  11(0.31), Other (0.14) THO1* 7, 8 7, 9 7, 93* 6, 9"
THO1 9 (0.50), 7, 9(0.39), Other (0.11) TPOX 8, 11 8, 11 8, 11 8 8
TPOX 8, 11 (1.00) vWA 14,17 14,17 14,17 17,17
VWA 18 (0.35), 17,18 (0.45), Other (0.20) D3S1744 18, 20 19, 20 18, 20 18, 19
D351744 18,19 (1.00) D12S1090 20,23 21,23 23,26 21,26
D12S1090 26 (0.28), 12, 26 (0.60), Other (0.12) D185849 16,17 16, 16 15,17 15,16
D185849 15, 17 (1.00)
kin Elmer, Foster City, CA, USA) according to standard

3 Results

protocols: denaturation at 94°C for 1 min, primer anneal-
ing at 60°C for 1 min, and primer extension at 72°C for
1 min.

2.3 PAGE

The amplified DNA samples were loaded on a 0.75 mm
thick and 130 mm long 8% polyacrylamide gel for D1580
or 6% denaturing polyacrylamide gel for STR loci. Electro-
phoresis was performed at 400 V for 2 h. The gels were
stained in 100 mL of SYBR green | nucleic acid gel stain-
ing buffer for 5 min at room temperature and then photo-
graphed.

2.4 Sequencing analysis

The sequence was analyzed from bands of PAGE using
the polymer capillary electrophoresis of ABI PRISM 310
Genetic Analyzer at 7.5 kV for 60 min at 42°C. The
sequence analysis used sequencing analysis software
Version 3.0.

The D1S80, vWA, F13B, THO1, TPOX, CSF1PO,
F13A01, LPL, D3S1744, D12S1090, and D18S849 were
analyzed in the case of the putative father and the dis-
puted paternity case by using the PCR with PAGE tech-
nique followed by SYBR green | staining. The calculated
distinguishing probabilities (DP) and the mean exclusion
chance (MEC) were 0.9999 and 0.9989, respectively. In
the case of the deceased putative father, the results of
variable number of tandem repeats (VNTR) and STR
polymorphic analysis are shown in Table 1. The rate of
possible genotypes of the deceased putative father is
shown in Table 2. The probability of paternity thus ob-
tained was 0.9998 and 0.9999 for alieged daughter 1 and
alleged daughter 2, respectively. The results of VNTR
and STR polymorphic analysis for the disputed paternity
are shown in Table 3. The CSF1PO locus and TH10 locus
excluded the paternity by the PAGE technique. The
detection of the irregular repeats and confirmation of the
genotypes used sequencing analysis for the son from the
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thus obtained was 0.999 for the daughter. These results
demonstrated that analysis of VNTR and STR polymor-
phisms are an extremely effective method for paternity
testing and personal identification in forensic sciences.
The sequence analysis is an important complement for
detection of the irregular repeats and confirmation of the
genotypes.
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