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ABSTRACT: Korean population data was generated for the loci
LDLR, GYPA, HBGG, D7S8, Gc, HLA-DQA1, and D1S80. The
genotype frequency distributions for the loci do not deviate from
Hardy Weinberg expectations. Furthermore, there was no evidence
for departures from expectations of independence between the loci.
Using a test for homogeneity all the loci, except for D1S80, were
similar between the Korean population sample and a Chinese popu-
lation sample.
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There now are several genetic loci that can be amplified by the
polymerase chain reaction (PCR) [/] and subsequently typed using
commercially available kits. The most characterized of these PCR-
based loci for forensic use are low density lipoprotein receptor
(LDLR) [2], glycophorin A (GYPA) [3], hemoglobin G gammaglo-
bin (HBGG) [4], D7S8 [5], group-specific component (Gc) [6]
(PM loci), HLA-DQAI1 [7,8], and D1S80 [9,10]. In order to use
genetic loci in identity testing, some population data are needed.
This paper presents allele and genotype frequency data in a Korean
population sample. In addition, the Korean population data are
compared with data from a Chinese population sample [11,12].

Materials and Methods
Sample Preparation

Whole blood was obtained in EDTA Vacutainer tubes by veni-
puncture from 116 unrelated Korean individuals collected by the
Gene Analysis Section Laboratory of the General Affairs Depart-
ment in Seoul, Korea.
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The DNA was extracted by the phenol-chloroform method
according to the method of Budowle and Baechtel [13]. The quan-
tity of extracted DNA was estimated using the slot-blot procedure
described by Waye, et al. [14]. One-to-five ng of DNA were used
for PCR.

Typing

The DNA samples were amplified and typed for the PM loci
by using the AmpliType® PM PCR Amplification and Typing
Kit (Perkin Elmer Corporation, Norwalk, CT) according to the
manufacturer’s protocol. The HLA-DQAI locus was amplified
and typed by using the Amplitype HLA-DQa Forensic DNA
Amplification and Typing Kit (Perkin Elmer Corporation, Nor-
walk, CT). Amplification was carried out in a Perkin-Elmer DNA
thermal cycler 480. The D1S80 locus was typed according to the
method described by Budowle, et al. {15].

Statistical Analysis

The frequency of each allele for each locus was calculated from
the numbers of each genotype in the sample set. Unbiased estimates
of expected heterozygosity were computed as described by
Edwards, et al. [16]. Possible divergence from Hardy-Weinberg
expectations (HWE) was determined by calculating the unbiased
estimate of the expected homozygote/heterozygote frequencies
[17-19], the likelihood ratio test [16,20,21], and the exact test
[22]. An inter-class correlation criterion [23] was used for detecting
disequilibrium between loci pairs. Independence among the seven
PCR-based loci was determined by examining whether or not
the observed variance of the number of heterozygous loci in the
population sample is within its confidence interval under the
assumption of independence [24,25].

A 2 X C contingency table exact test was used to generate a
G-statistic (1000 shuffling experiments) [26,27] to test for homoge-
neity between Korean and Chinese population samples. The pro-
gram was kindly provided by R. Chakraborty (University of Texas
School of Biomedical Sciences, Houston, Texas).

Results and Discussion

The distributions of observed allele and genotype frequencies
for the PM, HLA-DQAL, and D1S80 loci in the Korean population
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sample are shown in Tables 1, 2, 4, 5, and 6. The genotype fre-
quency distributions for the loci do not deviate from HWE based
on the homozygosity test, likelihood ratio test, and the exact test
(Tables 3, 4, and 6).

TABLE 3—Tests for independence on PM

loci.

LDLR

An analysis was performed to determine whether or not there Obs. Homozygosity 75.9%
were any detectable associations between any of the seven PCR- Exp. Homozygosity® 72.5%
. . . . Homozygosity Test® 0.416
based loci. An inter-class correlation test analysis demonstrated Likelihood Ratio Test® 0.264
that there is no evidence for correlation between the alleles at any Exact Test® 0.153
of the pairs of loci (Table 7). As an additional test for association, GYPA
independence among the seven loci was evaluated by examining Obs. Homozygosity 44.8%
whether or not the observed variance (s2) of the number of heterozy- E[’;fl’r'“gong’szi{f‘,}s;:g 58 ggg
gous loci in the population sample is within its confidence interval Likelih()),(g)d Ratio Test® 0.264
under the assumption of independence using the procedure Exact Test’ 0.264
described by Brown, et al. [24]. There was no evidence of associa- HBGG .
tion for the seven loci described in our Korean sample population Obs. Homozygosity 64.7%
using the sf criterion (s = 1.492; 95% confidence interval of Exp. Homozygosity® 58.1%
g the sk k e Homozygosity Test® 0.196
variance is 1.070-1.766). Likelihood Ratio Test? 0.178
Extant data demonstrate that general population groups (i.e., Exact Test? 0.178
U.S. Caucasians, African Americans, etc.) are appropriate as refer- gZSSH " 57.8%
T : . . s. Homozygosity .8%
ence groups for forensic identity testing [28-30]. Therefore, it was Exp. Homozygosity® 49.8%
Homozygosity Test® , 0.087
Likelihood Ratio Test' 0.152
TABLE i—Observed frequency Exact Test® 0.100
distributions of PM loci genotypes in 116 Ge
unrelated Koreans. Obs. Homozygosity 31.0%
Exp. Homozygosity®, 36.1%
GENOTYPE KOREAN Homozygosity Test® 0.254
Likelihood Ratio Test® 0.583
LDLR AA 0.043 Exact Test* 0.673
LDLR AB 0.241
LDLR BB 0.716 t“iEX[:eCted homozygosity is an unbiased
GYPA AA 0.259 estimate.
GYPA AB 0.552 “These values are probability values.
GYPA BB 0.190 “Test considered significant if P < 0.05.
HBGG AA 0.112
HBGG AB 0.353
HBGG BB 0.534
HBGG AC 0.000
HBGG BC 0.000 TABLE 4—Distribution of observed HLA-
HBGG CC 0.000 DQAI genotype frequencies in 116
g;gg ;’:g gzg% unrelated Koreans.
D7S8 BB : 0:276 GENOTYPE KOREAN¢
Gc AA 0.060
Gc AB 0.293 1.1-1.1 0.009
Gc BB 0.207 1.1-1.2 0.017
gc gg g-;ﬁ 1.1-1.3 0.078
c . 1.1-2 0.000
Gc CC 0.043 1.1-3 0.129
1.14 0.069
12-1.2 0.009
1.2-13 0.026
TABLE 2—Observed allele frequency 122 0.017
distributions for PM loci in 116 1.2-3 0.103
unrelated Koreans. 1.2-4 0.060
1.3-1.3 0.009
ALLELE KOREAN 1.3-2 0.0t7
1.3-3 0.069
LDLR A 0.164 1.34 0.026
LDLR B 0.836 2-2 0.000
GYPA A 0.534 2-3 0.026
GYPA B 0.466 2-4 0.017
HBGG A 0.289 3-3 0.129
HBGG B 0.711 34 0.138
HBGG C 0.000 44 0.052
7S8 A 0.513
3788 B 0.487 “Observed Homozygosity = 20.7%; Ex-
Ge A 0.284 pected Homozygosity (unbiased) = 22.4%;
Gec B 0474 HWE-Homozygosity Test (P = 0.654), Likeli-
Gc C 0.241 hood Ratio Test (P = 0.549), Exact Test (P =

0.556); Test considered significantif P < 0.05.




TABLE 5—HLA-DQA1 observed allele
Jrequencies in 116 unrelated Koreans.

allele 1.1 0.155
allele 1.2 0.121
allele 1.3 0.116
allele 2 0.039
allele 3 0.362
allele 4 0.207

TABLE 6—DI1S80 allele frequencies in a
sample of 116 unrelated Koreans.

ALLELE FREQUENCY
14 0.004
15 0.004
16 0.047
17 0.004
18 0.190
19 0.030
20 0.004
21 0.022
22 0.009
23 0.017
24 0.172
25 0.013
26 0.004
27 0.052
28 0.125
29 0.052
30 0.138
31 0.047
32 0.013
33 0.000
34 0.004
35 0.000
36 0.026
37 0.004
38 0.004
39 0.000
40 0.000
41 0.000

>41° 0.013

2All alleles migrating slower than the largest
allele in the ladder (i.e., allele #41) are placed
in the >41 allele class.

bObserved Homozygosity = 16.4%.

‘Expected Homozygosity (unbiased) =
11.0%.

“HWE-—Homozygosity Test (P = 0.061),
Likelihood Ratio Test (P = 0.114), Exact Test
(P = 0.090).

“Test considered significant if P < 0.05.

anticipated that subgroup population data on the PM, HLA-DQA1,
and D1S80 loci would not be necessary for estimating DNA profile
frequencies. However, it is desirable to generate some subgroup
population data to demonstrate that subgroups within a major
population category are more similar than major population groups.
While significant differences for the seven PCR-based loci between
the Korean and U.S. Caucasian or African Americans [31,32] were
observed (data not shown), the degree of similarity between two
Asian groups was not known. Huang, et al. [11,12] recently
described population data for the PM, HLA-DQA1, and D1S80
loci in a Taiwanese population sample. Therefore, the Korean data
were compared using a test for homogeneity with the only other
Asian population sample, the Taiwanese, where the entire battery
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TABLE 7—Two locus inter-class
correlation test for HLA-DQa, PM, and
D1580 loci for 116 unrelated Koreans.

Two-sided
Loci Probability
LDLR/GYPA 0.706
LDLR/HBGG 0.665
LDLR/D7S8 0.153
LDLR/Gc 0.152
LDLR/DQa 0.085
GYPA/HBGG 0.493
GYPA/D7S8 1.000
GYPA/Gce 0.814
GYPA/DQa 0.577
HBGG/D7S8 0.500
HBGG/Gce 0.967
HBGG/DQa 0.679
D7S8/Ge 0.594
D7S8/DQa 0.500
Ge/DQa 0.731
D1S80/LDLR 0.057
D1S80/GYPA 0.612
D1S80/HBGG 0.180
D1S80/D7S8 0461
D1S80/Gce 0.816
D1S80/DQa 0.837

“Test considered significant if P < 0.05.

of the seven PCR-based loci were analyzed (Table 8). There were
no significant differences in allele frequencies for the PM and
HLA-DQAT1 loci for the two Asian groups. However, although
the allele frequency distributions had similar trends, the D1S80
data were different. Because of the difference in D1S80 data, the
Korean D1S80 data were compared with two other Asian D1S80
databases, a Japanese sample [33] and a general Asian sample
[31]). The Korean D1S80 data were statistically similar to the
Japanese data (p = 0.1970 £ 0.0126), but not similar to the general
Asian sample (p = 0.0320 * 0.0056). The difference in D1S80
data between the sample populations may be due to genetic differ-
ences or to small sample sizes. Regardless, the Korean and Chinese
population data overall are similar. There would be no anticipated
substantial differences in DNA profile frequency estimates if either
sample population were used as a reference database.

In conclusion, a Korean population database has been estab-
lished for seven PCR-based polymorphic loci. The distribution of
the genotype frequencies for the various loci meet HWE, and there
is no evidence for departures from expectations of independence

TABLE 8—G statistic test (p values) for
homogeneity on PM, HLA-DQAI, and
D1S80 allele distributions in Koreans and

Chinese.*
Locus G Statistic P value
LDLR 0.0810 = 0.0086
GYPA 0.1570 = 0.0115
HBGG 0.2730 = 0.0141

D7S8 0.1050 £ 0.0097
Gce 0.6300 *+ 0.0153
HLA-DQALI 0.1520 = 0.0114
D1S80 0.0080 *+ 0.0028

?Chinese population data from Huang, et
al. [11].
*Test considered significant if P < 0.05.
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of alleles across loci. The data demonstrate that estimates of multi-
ple locus profile frequencies can be obtained from the Korean
database for identity testing purposes using the product rule under
the assumption of independence. Additionally, the Korean and
Chinese databases appear more similar to each other than with two
other major population group databases. However, comparisons of
allele frequencies between different population samples are not
very meaningful for forensic applications; instead a comparison
of the differences in multiple locus DNA profile frequencies
derived using various databases would be more informative
[28,29]. A study is underway to evaluate the differences in PCR-
based multiple locus DNA profile frequencies when various refer-
ence databases are employed.
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