
Abstract The allele distributions at the 12 short tandem
repeat (STR) loci D3S1358, HUMvWA, HUMFIBRA/FGA,
HUMTHO1, HUMTPOX, HUMCSF1P0, D5S818,
D13S317, D7S820, D8S1179, D21S11 and D18S51 have
been determined for 284 unrelated Chinese in Hong Kong.
The combined probability of identity for the 12 STR loci
was about 4.1  × 10–14 and the overall probability of ex-
cluding paternity 0.999978. None of the 12 loci were found
to deviate from Hardy-Weinberg expectations according to
the results of the exact test. There was also little evidence
for association of alleles between loci. The results demon-
strate that the loci are useful for forensic human identifi-
cation and parentage testing for the Chinese population in
Hong Kong.
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Introduction

Allele frequencies for some short tandem repeat (STR)
loci have been reported for the Chinese populations in 
the north-east, east and south-east of mainland China and
in Taiwan [1, 2, 3, 4]. A study of allelic frequency data 
for 12 STR loci, D3S1358, HUMvWA, HUMFIBRA/FGA,
HUMTHO1, HUMTPOX, HUMCSF1P0, D5S818,
D13S317, D7S820, D8S1179, D21S11 and D18S51, was
conducted in the Hong Kong Chinese population. Commer-

cially available kits that enable multiplex PCR of the 12
STR loci in 2 reactions were employed with the PCR prod-
ucts analysed using capillary electrophoresis. The power
of discrimination, combined match probability or proba-
bility of identity, probability of excluding paternity, ob-
served heterozygosity and unbiased estimates of expected
heterozygosity and standard errors were obtained. Possible
divergences from Hardy-Weinberg equilibrium and link-
age equilibrium were investigated statistically.

Materials and methods

Sample preparation

Specimens were obtained from 284 unrelated Chinese in Hong
Kong, which included 119 whole blood samples and 165 buccal
scrapings. DNA was extracted from the specimens by the Chelex
extraction method [5]. The quantity of extracted DNA was esti-
mated using the ACES 2.0+ human DNA quantitation system ac-
cording to the manufacturer’s procedure (User’s manual from Life
Technologies).

PCR amplification and STR typing

Amplification by PCR of the STR loci using 1–2.5 ng of extracted
DNA was performed using the AmpFlSTR Profiler and Profiler Plus
kits, according to the manufacturer’s recommendations (AmpFlSTR
Profiler and Profiler Plus user’s manuals from PE/ABD), except that
the reaction volume was 25 µl. All PCR reactions were performed
in a PE Biosystems GeneAmp 2400 thermal cycler. An aliquot of
1–2.5 µl of each PCR product was denatured with formamide and
electrophoresis was carried out on an ABI PRISM 310 genetic an-
alyzer using the recommended protocol (AmpFlSTR Profiler and
Profiler Plus user’s manuals from PE/ABD). The length of the am-
plified DNA fragments was determined using the GeneScan
Analysis 2.1 software based on an internal lane ROX size standard,
GeneScan-350 or GeneScan-500 from PE Biosystems. Allele des-
ignations were determined using the Genotyper 2.1 software by
comparison of the sample fragments with those of the allelic ladders.

Statistical analysis

The Hardy-Weinberg and linkage equilibria were examined using
the Fisher exact test [6]. The test has high statistical power to detect
disequilibrium as reported by Zaykin et al. [7], and so the com-
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monly used χ2 goodness-of-fit test [8, 9] was not attempted. The
frequency of each allele was obtained using the standard gene
counting method. Unbiased estimates of expected heterozygosities
and the standard errors were calculated using the method as de-
scribed by Nei and Roychoudhury [10] and compared to the ob-
served heterozygosities. The power of discrimination [11] and the
probability of excluding paternity [12] for each locus, and the
combined probability of identity [13] and the overall probability of
excluding paternity for the 12 loci were also evaluated.

Results and discussion

The observed allele frequencies for the 12 STR loci in the
Chinese population in Hong Kong are shown in Table 1.
The observed heterozygosity and the unbiased estimate of
the expected heterozygosity for each locus were also cal-
culated (Table 1). The observed values and the estimates
are in good agreement, especially after taking into account
the standard errors of the estimates, which are approxi-
mately 0.025. The power of discrimination and the proba-
bility of excluding paternity were evaluated for each locus
and they are also reported in Table 1. The power of dis-
crimination ranges from about 0.77 to 0.97 and the com-
bined probability of identity for the 12 loci is about 4.1 ×
10–14 which is extremely discriminating. The probability
of excluding paternity spans from about 0.33 to 0.73 and
the combined probability of excluding paternity for the 12
loci is 0.999978.

The data were tested for Hardy-Weinberg and linkage
equilibrium. Since the size of the sample was not large
(284 specimens), we only tested them for pair-wise link-
age equilibrium. For linkage equilibrium at any three or
more loci, the associated frequency table would be too
sparse for a conclusive result to be obtained and so it was
not attempted here. Table 2 presents the p-values of the
exact test results [6]. For the single loci, all the p-values
are higher than the commonly adopted 5% rule, indicating
that there is no evidence of departure from Hardy-Wein-
berg equilibrium. For dependencies between the loci, five
pairs of loci namely, 1 and 3 (D3S1358 and FGA), 1 and 12
(D3S1358 and D18S51), 2 and 3 (vWA and FGA), 3 and
6 (FGA and CSF1P0), and 3 and 12 (FGA and D18S51)
indicated some degree of linkage disequilibrium. How-
ever, the associated p-values of 2.8%, 4.9%, 2.4%, 1.3%
and 2.2%, respectively are not too small. Other combina-
tions of loci seem to be in linkage equilibrium. Statistically,
when the 5% significance rule is adopted, it is not unusual
to have 5 significant results for a total of 78 tests even un-
der a situation of total independence. Furthermore, none
of the results were found to be significant if the 1% level
was taken.

In conclusion, databases for the 12 STR loci D3S1358,
vWA, FGA, THO1, TPOX, CSF1P0, D5S818, D13S317,
D7S820, D8S1179, D21S11 and D18S51 have been estab-
lished for the Hong Kong Chinese, which will be of great
use both for forensic identity and parentage testing in the
Hong Kong community.
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