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ABSTRACT In population genetics, the absence of the departure from Hardy-Weinberg equilibrium (HWE) is usually
tested when a population study of a certain DNA marker is performed to show the observed allele frequencies repre-
sent those of the whole population. The goodness-of- fit test ( x ? test) assuming y > approximation has frequently been
used with classical blood type markers having a few alleles. However, new tests suitable for DNA markers having many
alleles, such as homozygosity test, likelihood ratio test and Guo-Thompson’s (G-T") exact test, have recently been de-
vised. In the present study, appropriate tests for HWE was studied using population data of 206 Japanese individuals
with 9 different short tandem repeat loci. Firstly, we found that the recommendation of NRC II for the treatment of
rare allele frequencies (If a bin in the database contains fewer than five entries, it is pooled with adjacent bins so that
no bin has fewer than five) is quite reasonable for personal identification in forensic sciences. Secondly, we proposed
that homozygosity test, likelihood ratio test and G-T’s exact test should be applied altogether and HWE of the sample
population should be valid only when all of the three tests were cleared.
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Fig. 1. a; Binominal distribution of the entry when the
frequency is one out of 400. b; Binominal distribution of
the entry when the frequency is five out of 400.
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Table 1. Grouping of alleles of nine STR loci required for HWE tests using 206
Japanese

Number of allele groups

Locus
Original? HWEP (Min 5)¢ HWEMin 5)¢ Rule of 55 HWE(x2f

D3S1358 6 6 5 5 4 4
vWA 7 4 7 4 5 4
FGA 15 15 11 11 6 6
THO1 6 5 5 5 3 3
TPOX 7 7 5 5 3 3
CSF1PO 8 3 6 3 3 3
D5S818 9 9 7 7 5 5
D13S317 7 7 6 6 5 5
D75820 7 7 6 6 4 4

2 QOriginal : no grouping.

YHWE : grouping so that all probabilities of the homozygosity test, the likelihood ratio test and
G-T’s exact test indicate more than five %.

¢ Min 5: alleles containing less than five entries are pooled basically with adjacent alleles so
that no alleles have less than five entries. _

¢ HWE (Min 5) : grouping so that all probabilities of the homozygosity test, the likelihood ratio
test and G-T's exact test indicate more than five % after alleles less than five entries is pooled.

¢ Rule of 5 : grouping so that the expected values of all genotypes under HWE are more than
one, and that the number of the genotypes of which the expected values are less than five
should be less than 20%.

fHWE (x?) : grouping so that the goodness-of-fit test can verify each pooled allele frequency is
under HWE.

Table 2. Grouped allele frequencies of vWA, THO1 and CSF1PO so that each loci is
under HWE (n =206).

vWA THO1 CSF1PO
Allele Frequency Allele Frequency Allele Frequency
14, 15 0.209 6 0.187 7,9, 10 0.248
16 0.175 7 0.240 11 0211
17 0.262 8 0.046 12-15 0.541
18, 19, 20 0.354 9 0.485
93,10 0.041
homozygosity test homozygosity test homozygosity test
p=0.0589 p=0.0521 p=0.1058
likelihood ratio test likelihood ratio test likelihood ratio test
p=0.0780 p=0.2027 p=0.2491
exact test exact test exact test
p=0.0633 p=0.2868 p=0.2920
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Table 3. Grouped allele frequencies of six STR loci so that no alleles have less than five entries and that each ioci is

under HWE (n = 206).

D3S1358 FGA TPOX D5S818 D13S317 D7S8820
Allele Frequency Allele Frequency Allele Frequency Allele Frequency Allele Frequency Allele Frequency
14 0.034 17, 27 0.015 8 0.490 7.8 0.012 8 0.226 7,13 0.051
15 0415 18 0.022 9 0.070 9 0.083 9 0.114 8 0.090
16 0.291 19 0.073 10 0.041 10 0214 10 0.146 9 0.051
17 0.199 20 0.121 11 0.354 11 0.252 11 0.238 10 0.216
18, 19 0.061 21 0.138 12-14 0.044 12 0.272 12 0.206 11 0.350

22 0.216 13 0.146 13, 14 0.070 12 0.243
23 0.163 14,15 0.022
24 0.143
25 0.068
26 0.029
X. 2* 0.012
homozygosity test homozygosity test homozygosity test homozygosity test  homozygosity test homozygosity test

p=0.2002 p= 0.0842 p= 0.7673 p=0.8125 p= 0.8548 p= 05626

likelihood ratio test  likelihood ratio test  likelihood ratio test  likelihood ratio test  likelihood ratio test  likelihood ratio test
p = 0.8102 p= 0.8726 p= 01352 p= 05388 p= 02779 p= 04449
exact test exact test exact test exact test exact test exact test

p= 06341 p= 0.7618 p= 0.0830 p= 02727 p= 0.2664 p= 05631
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f: The average value of the sum of the exact ex-
pected homozygote frequencies for each popula-
tions

f: The sum of the exact expected homozygote fre-
quencies for the pooled data
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