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Summary. Population studies among Japanese were car- 
ried out at the D1S80 locus by the polymerase chain reac- 
tion and subsequent analysis in agarose gel electrophore- 
sis. A total of 58 genotypes and 25 alleles ranging from 16 
to 45 repeat units were observed in a population group of 
121 unrelated individuals. The alleles with 18, 24 and 30 
repeat units were found to be most common. Some large 
alleles with more than 42 repeat units were first observed 
in this study. Statistical tests for Haxdy-Weinberg equi- 
librium showed that no significant deviations could be 
found in this Japanese population sample. The values of 
the mean exclusion chance and the discriminating power 
(DP) were calculated to be 0.76 and 0.91, respectively. 
The observed heterozygosity was 0.91. 
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Zusammenfassung. Eine populationsgenetische Untersu- 
chung am Locus D1S80 wurde mit Hilfe der Polymerase- 
Kettenreaktion und anschliel3ender Untersuchung dutch 
Agarose-Gelelektrophorese durchgeffihrt. Insgesamt wur- 
den 58 Genotypen und 25 Allele (Repeat-Anzahl zwischen 
16 and 45) in der 121 nicht-verwandte Personen umfassen- 
den Populationsstichprobe gefunden. Die Allele mit 18, 24 
und 30 Repeats waxen die h~iufigsten. Einige gro/3e Allele 
mit mehr als 42 Repeats wurden in dieser Untersuchung 
erstmalig beobachtet. Die statistische Prtifung des Hardy- 
Weinberg-Gleichgewichts ergab keine signifikanten Ab- 
weichungen in dieser japanischen Populationsstichprobe. 
Die Werte der mittleren Ausschlu6chance und des Diskri- 
minationsindex wurden mit 0,76 und 0,91 errechnet. Die 
beobachtete Heterozygotierate war 0,91. 
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Introduction 

Analysis of variable number of tandem repeats (VNTR) 
loci is widely used for individualization at the DNA level 
in forensic testing [1]. Amplifiable fragment length poly- 
morphisms (AMPFLP's) have been investigated in several 
VNTR loci since the polymerase chain reaction (PCR) 
was first applied. AMPFLP systems such as D1S80 [2-8], 
2p24-p23 (ApoB) [4, 9-11], D17S30 (pYNZ22) [4, 12, 
13] and 12q13.1 (COL2A1) [4, 14, 15] can be useful tools 
for forensic studies because of their high sensitivity. 

The VNTR locus D1S80 was first isolated and identi- 
fied by Nakamura et al. [2], and successfully amplified 
by the PCR [3]. Genetic evidence concerning the D1S80 
locus has already been reported for German Caucasian [4, 
5], Dutch Caucasians [6]. American Caucasians [7], Black 
Americans [8], hispanic Americans [8], and a mixed pop- 
ulation from Japanese and Caucasians [3]. These studies 
show that the VNTR D1S80 locus has many alleles and 
genotypes. The AMPFLP system at the D1S80 locus may 
be informative for the Japanese population, but at present 
no informative allelic data are available. 

In the present study, the distribution of D1S80 alleles 
in the Japanese population was examined and compared 
with the allelic data from other ethnic groups. 

Materials and methods 

Preparation of DNA. Blood samples were obtained from healthy 
unrelated individuals. Genomic DNA was isolated from cells by 
phenol extraction after sodium dodecyl sulfate and proteinase K 
treatment [16]. 

Amplification. Amplification was carried out in a Thermal se- 
quence TSR-300 (Iwaki Glass Co., Chiba, Japan). After an initial 
denaturation step at 94°C for 3 rain, reactions were carried out for 
30 cycles at an annealing temperature of 65°C for 1 rain an ex- 
tension temperature of 72°C for 2 rain and a heat denaturation 
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Fig. 1. Agarose gel electrophoresis 
of PCR amplification of locus 
D1S80 and DNA markers. Lane 1 
and 15, 100 Base-Pair Ladder 
(Pharmacia-LKB); lane 2, HaelII 
digest of pBR322; lane 3-8 and 
10-13, D1S80 alleles: lane 3, 
16-24; lane 4, 17-30; lane 5, 
18-24; lane 6, 20-22; lane 7, 
24-30; lane 8, 24-36; lane 10, 
18-39: lane 11, 24-42; lane 12, 
24-43; lane 13, 24-45; lane 9, 
standard D1S80 Allelic Ladder 
(Cetus Co.); lane 14, AluI digest 
of pBR322; lane 16, 123 bp DNA 
Ladder (Life Technologies Inc) 

temperature of 94°C for 1 min, followed by a final extension step 
at 72°C for 5 rain. Primer sequences [3]: 

5"-GAAACTGGCCTCCAAACACTGCCCGCCG-3" 
5"-GTCTTGTFGGAGATGCACGTGCCCCTTGC-3" 

Each reaction mixture contained 10-300 ng DNA, 10 mM Tris- 
HC1 (pH 9.0 at 25°C), 50 mM KC1, 1.5 mM MgC12, 0.1% Triton 
X-100, 0.5 gM each primer, 200 N1//dNTPs and 2.5 U Taq DNA 
polymerase (Promega, Madison, USA). The total volume was 50 
gl, and 1 drop of mineral oil was added. Amplification was also 
carried out using the D1S80 forensic amplification reagent set 
(Cetus, USA). 

Electrophoresis. Amplified products were subjected to electro- 
phoresis in ethidium bromide-stained 6% polyacrylamide gels 
(1 mm thick, 30 cm or 11 cm long) in 0.09 M Tris-borate (pH 8.0) 
or 0.025 M Tris-glycine (pH 8.8) buffer and 2% agarose gels 
(4 mm thick, 20 cm long) in 0.09 M Tris-borate (pH 8.0) buffer. 
The electrophoresis was carried out at 200 V (for polyacrylamide 
gels), or 25 V (for agarose gels). After electrophoresis, the gel was 
photographed by ultraviolet trans-illumination. 

Size determination. The fragment sizes were determined by co- 
migration of a 123 bp ladder, 100 bp ladder and plasmid DNAs 
(pBR322 and ~X174) digested with the various restriction 
enzymes (HaelII, FokI, HinfI, AluI and MbolI). The migration 
of D1S80 alleles and markers were plotted on a semilogarith- 
mic scale vs. distance. In addition, the D1S80 allelic ladder (15 
alleles) included in the DIS80 forensic amplification reagent set 
was also subjected to electrophoresis for allelic determination of 
each sample (Fig. 1). The allelic ladder is a sizing marker consist- 
ing of 15 D1S80 alleles ranging 14 to 40 repeat units (Cetus, 
USA). 

Chemicals. For agarose gel electrophoresis, Nusieve 3:1 (FMC 
BioProducts, Rockland, ME, USA) was used. The D1S80 forensic 
amplification reagent set was purchased from Cetus Co. (Emery- 
ville, CA, USA). The 100 Base-Pair Ladder was purchased from 
Pharmacia-LKB (Uppsala, Sweden) and the 123 bp DNA ladder 
was from Life Technologies, Inc. (Gaitherburg, MD, USA). Other 
molecular markers were made in our laboratory by digestion of 
plasmid DNAs with several restriction enzymes. The plasmid 
DNAs, pBR322 and q~X174 (Kyoto, Japan) and the restriction en- 
zymes, HaelII, FokI, HinfI, AluI and MbolI were purchased from 
Takara (Kyoto, Japan). 

Results  and  discuss ion 

Identif ication o f  alleles 

Because of its high resolution, polyacrylamide gel electro- 
phoresis is useful to analyze low molecular  weight  PCR- 
amplified fragments. In this study, however, we faced 
a problem that molecular  markers (e.g. plasmid DNA 
digested with the various enzymes,  123 bp and 100 bp 
ladder) did not migrate according to their molecular  
weights in the polyacrylamide gel electrophoresis (Fig. 2). 
However, this is not a l imitat ion of agarose gel elec- 
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Fig. 2. Polyacrylamide gel electrophoresis of PCR amplification of 
locus D1S80 and DNA markers. Lane 1 and 15, 100 Base-Pair 
Ladder (Pharmacia-LKB); lane 2, HaeIII digest of pBR322; lane 
3-8 and 10-13, D1S80 alleles: lane 3, 16-24; lane 4, 17-30; lane 
5, 18-24; lane 6, 20-22; lane 7, 24-30; lane 8, 24-36; lane 10, 
18-39; lane 11, 24-42; lane 12, 24-43; lane 13, 24-45; lane 9, 
standard D1S80 Allelic Ladder (Cetus Co.); lane 14, AluI digest of 
pBR322; lane 16, 123 bp DNA Ladder (Life Technologies Inc) 
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Fig.3. Comparison of D1S80 allele frequencies in 121 unrelated 
Japanese (n = 242) with Caucasian data (n = 300) from Klooster- 
man et al. (1993) (n = number of chromosomes). [] n = 242 Japan- 
ese; [] n = 300 Dutch Caucasians 

Table 1. Distribution of D1S80 alleles in Japanese 

Allele N Frequency 
(Repeat (%) 
No.) 

16 7 2.89 

17 9 3.72 
18 38 15.70 

19 3 1 . 2 4  

20 5 2.07 
21 2 0.83 

22 2 0.83 

24 59 24.4 
25 1 0.41 

26 1 0.41 
27 16 6.61 
28 22 9.09 

29 13 5.37 

Allele N Frequency 
(Repeat (%) 
No.) 

30 28 11.6 

31 13 5.37 
32 4 1.65 

33 2 0.83 

34 2 0.83 

36 2 0.83 

37 4 1.65 

39 2 0.83 
41 1 0.41 

42 1 0.41 

43 4 1.65 
45 1 0.41 

Total 242 100 

trophoresis (Fig. 1). Molecular  sizes of all the amplified 
fragments were estimated by calculating based on the cal- 
ibration curves made using 7 molecular  weight markers. 

Abnormal  electrophoretic behaviour  in the polyacryl-  
amide gels was discovered more than 10 years ago [17] and 
was found to be caused by DNA bending at special base se- 
quences [18] involving homopolymeric dA/dT residues 
[19]. These findings reveal that it is impossible to estimate 
net molecular weights of DNA fragments which contain 
the special sequences using polyacrylamide gel elec- 
trophoresis. The migration problem observed in our study 
might be due to the bending of the some DNA markers 
which involve dA/dT residues. Since the sequence of the 
D1S80 locus does not include so many dA/dT residues [3], 
no disparity was found among the amplified fragments. 
Fifteen amplified D1S80 alleles ranging from 14 to 40 re- 
peat units were identified by side-to-side comparison with 
the D1S80 allelic ladder. No contradiction was found be- 
tween the amplified fragments at D1S80 locus and the 

Table 2. Distribution of D1S80 genotypes observed 

Geno- N % Geno- N % 
types types 
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16-16 1 0.83 

16-22 1 0.83 

16-24 1 0.83 

16-30 1 0.83 

16-31 1 0.83 

16-37 1 0.83 

17-24 4 3.31 

17-28 4 3.31 

17-30 1 0.83 

18-18 1 0.83 
18-19 1 0.83 

18-24 10 9.71 

18-25 1 0.83 
18-27 3 2.48 

18-28 2 1.65 

18-29 2 1.65 

18-30 8 6.61 

18-31 1 0.83 

18-32 2 1.65 
18-33 1 0.83 
18-34 1 0.83 

18-36 1 0.83 

18-37 1 0.83 
18-39 2 1.65 

19-20 1 0.83 

19-24 1 0.83 

20-22 1 0.83 

20-24 1 0.83 

20-29 1 0.83 

20-30 1 0.83 

21-31 2 1.65 

24-24 4 3.31 

24-26 1 0.83 

24-27 6 4.96 

24-28 5 4.13 

24-29 7 5.79 
24-30 5 4.13 

24-31 2 1.65 

24-32 1 0.83 

24-36 1 0.83 

24-37 1 0.83 

2 4 4 2  1 0.83 

24-43 3 2.48 

24-45 1 0.83 

27-27 1 0.83 

27-28 1 0.83 

27-30 4 3.88 

28-28 3 2.48 

28-29 1 0.83 
28-30 2 1.65 

28-41 1 0.83 

29-30 2 1.65 
30-31 3 2.48 

30-33 1 0.83 

31-31 1 0.83 

31-32 1 0.83 

31-43 1 0.83 

34-37 1 0.83 

Total 121 100 

commercial  D1S80 allelic ladder, using polyacrylamide 
and agarose gel electrophoresis (Figs. 1, 2). 

Population study 

In this population study (n = 242), 25 different alleles (Fig. 
3, Table 1) were distinguished. The allele 24 (P = 0.24) was 
most common;  alleles 18 (P = 0.16) and 30 (P = 0.12) were 
the next most common. As shown in Fig. 1 (lane 11-13), 
the alleles containing 43 and 45 repeating units, which 
have not been previously observed, were found in this 
study. In total 58 different genotypes (Table 2), were found 
of which 18-24 (Fig. 1, lane 5) was most common (P = 
0.10). The mean exclusion chance [20] was calculated to 
be 0.76. The discriminating power (DP was calculated as 1 
- Y_. (Pi) 2 and Pi represents the frequency of each genotype) 
was 0.91 and the observed heterozygosity was 0.91. 

Hardy- Weinberg equilibrium 

Because of relatively small populat ion samples, a reliable 
est imation of deviations from the Hardy-Weinberg equi- 
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Table 3. Check for Hardy-Weinberg equi- 
librium 

E. Sugiyama et al.: D1S80 in Japanese 

Allele 4 allele model 3 allele model 
groups 

I Alleles 16-23 Alleles 16-23 

II Allele 24 Allele 24 

III Alleles 25-30 Alleles 25-45 

IV Alleles 31-45 

Observed Expected Observed Expected 

N (%) N (%) N (%) N (%) 

I-I 6 (4.95) 9.00 (7.43) 6 (4.95) 9.00 (7.43) 

I-II 17 (14.0) 16.1 (13.3) 17 (14.0) 16.1 (13.3) 

I-III 24 (19.8) 22 .1  (18.3) 37 (30.6) 31.9 (26.4) 

I-IV 13 (10.7) 9.82 (8.12) 

II-II 4 (3.31) 7.19 (5.94) 4 (3.31) 7.19 (5.94) 

II-III 24 (19.8) 19.7  (16.3) 34 (28.1) 28.5 (23.6) 

II-IV l0 (8.26) 8.78 (7.26) 

III-III 14 (11.6) 13.6 (11.2) 23 (19.0) 28.3 (23.4) 

III-IV 5 (4.13) 12.1 (10.0) 

IV-IV 4 (3.31) 2.68 (2.21) 

Total 121 (100) 121 (100) 121 (100) 121 (100) 

Z z 9.542 (df= 9) 5.318 (df= 5) 

0.3 < P < 0.5 0.3 < P < 0.5 

l ibr ium is not possible using each separate allele (Fig. 3). 
Alleles  were  therefore categor ized into allele groups [4], 
and calculations were  carried out using these models.  The 
Z 2 values show no significant deviat ion be tween  expected 
and observed values (Table 3). 

In Japanese, the D1S80 locus can be a more informa- 
tive marker  of  individual izat ion than in Caucasians.  
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