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ABSTRACT: For the purpose of the population genetics study of
the HUMARA locus, the allele, and genotype frequencies were de-
termined in two Chinese population samples (Han-101, Bei-113)
using PCR, PAGE, and silver staining. Fourteen alleles were found.
The size of amplified fragments were 258 bp-315 bp. The observed
heterozygosities were 0.83 in the Han population and 0.73 in the Bei
population respectively. The expected heterozygosities were 0.91 in
the Han population and 0.97 in the Bei population respectively.
Both populations meet Hardy-Weinberg expectation, Han popula-
tion x2 5 17.7206, df 5 11, p . 0.05; Bei population x2 5 7.4268,
df 5 10, p . 0.05. The discrimination power were 0.95 in females
and 0.89 in males in the Han population, 0.94 in females and 0.88 in
males in the Bei population. Thus, the allelic frequency data can be
used in the personal identification and parentage testing in the
forensic science practice. The PCR test established in this study is
robust and reproducible.
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The gene and genotype frequencies for the STR HUMARA lo-
cus were determined in a Han population of 101 unrelated individ-
uals living in Chengdu, Sichuan Province and a Bei population of
113 unrelated individuals living in Yunnan Province in PR China.

Materials and Methods

DNA Samples and Extraction

DNA was extracted from EDTA blood samples collected from
101 and 113 unrelated blood donors of both Han and Bei popula-

tions in Sichuan and Yunnan Provinces respectively in China 
using a modification of the proteinase K (Sigma) digestion, phe-
nol/chloroform extraction and ethanol precipitation procedure 
(1). The extracted DNA was dissolved in the TE buffer for 
PCR analysis.

PCR Condition

Primer sequences described by Hammond et al. (2) were used.

59 tcc aga atc tgt tcc aga gcg tgc 39

59 get gtg aag gtt gct gtt cct cat 39

20 ng of genomic DNA was amplified in a total volume of 25 mL
consisting of 0.1 mm of each primer, 0.2 mM of each dNTP (Phar-
macia), 0.5 m of Taq polymerase (PE), 50 mM of KCI, 10 mM of
Tris-HCI (pH 8.5), 1.5 mM of MgCI2, and 0.01 mg/mL gelatin. 
The PCR was carried out in a Gene Amp PCR system (PC-Cetus
Model 9600) for 30 cycles consisting of 95°C for 30 s, 
60°C for 20 s, and 72°C for 30 s. After each cycle, an additional ex-
tension at 72°C for 30 s was performed. The amplified products
were then separated on a vertical polyacrylamide gel (T 5 8%, C
5 5%) electrophoresis followed by silver staining (3). PBR
322/Msp1 was used as an external size standard. The internal size
standard was prepared by mixing amplifying specific alleles from
individuals of known genotypes. The smallest allele was arbitrarily
designated 1 and others numbered consequently taking into con-
sideration of the repeat size of 3 bp since the STR HUMARA locus
is trimeric.

Calculations

The frequency of each allele was calculated from the members
of each type in sample tested. Unbiased estimate of the expected
heterozygosity was obtained from the method described by
Chakraborty et al. (3). The Hardy-Weinberg test was carried out
according to the method described by Hou Y et al. (4). Individual-
ization potentials were calculated using a standard formula of Sens-
abaugh (5), which is expressed as the sum of the squares of all pos-
sible genotype frequencies in a polymorphic system. The DP value
was calculated from the individualization potentials. DP 5 1-indi-
vidualization potentials.
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Results and Discussion

All samples from these two population groups were typed suc-
cessfully (photo). The STR HUMARA genes are X-linked. Two
amplified product bands could be seen in a female’s blood sample,
whereas only one band could be found in male’s blood. In case of
the female, one band indicates the homozygote, whereas two bands
indicate the heterozygote.

Allele Frequency Distribution

The size of the HUMARA locus amplified products were 255
bp-315 bp as reported by Fregeau CJ et al. (6). In the present 
study, 14 alleles were found in both 101 unrelated and 113 unre-
lated individuals of the Han and the Bei populations respectively
(Table 1) (Fig. 1). The allele frequency distribution exhibited uni-
modal pattern (Fig. 2).

Genotype Frequency Distribution

Thirty-one different genotypes (14 in males and 20 in females)
were detected in the Han population (Table 2) and 32 (14 in males
and 24 in females) in the Bei population. In the Han population, the
expected heterozygosity was 0.91 and the observed heterozygosity
was 0.83 in females. The discriminating power (DP) was 0.94 in fe-
males and 0.88 in males. In the Bei population, the expected het-
erozygosity was 0.97 and the observed heterozygosity was 0.73 in
females. The DP value was 0.95 in females and 0.89 in males. Be-
cause of the population sample size and the large number of differ-
ent genotypes, any genotype class with less than seven observa-
tions was pooled for determining the Hardy-Weinberg equilibrium.
Both populations meet H-W expectation.

The STR HUMARA [AGA] locus is located on the X chromo-
some within the protein coding region of the exon 1 of the human an-
drogen receptor gene and within the Drosophia Notch gene. ARA is
the abbreviation of the androgen receptor gene. It maps to XCenq13.

The results of the present study showed that this locus was poly-
morphic. It can be used for parentage testing and personal identifi-
cation in the forensic science practice. Meanwhile, this locus is X-

linked. So that, it can be used for sex determination of blood, hair,
or tissues of human origin.

A population genetics study of STR HUMARA locus has been
performed by Edwards et al. (7) by using the fluorescent multiplex
PCR. Fourteen alleles were found in US Black, 10 in White, 13 in
Hispanic, and 12 in Asians in a sample of 40 unrelated individuals.
One year later, another paper was published by Edwards et al. (8).
They had found 15 HUMARA alleles in US White (240). Eighteen
in Black (250), 16 in Mexicans-Americans (205), and 14 in Asians
(97) by PCR. The number in the parenthesis represents the number
of individuals studied. Our results were the same with allele num-
ber of US black and Asians reported by Edwards et al. (7,8).

The allele frequency profile of these two populations were quite
similar. But minor difference was found in that allele seven was
clearly variable across these two populations. Strict further com-
parison of allele frequencies between different populations was not

TABLE 1—The allele frequencies of STR HUMARA locus in both Han and Bei populations.

Han Population Bei Population

Number Number

Allele 72X,Chr. 58X,Chr. 68X,Chr. 90X,Chr.
(bp) Size (72 M) (29 F) Total Pro. (68 M) (45 F) Total Pro.

1 255
2 258 1 1 0.008 1 1 0.006
3 261 1 2 3 0.023 1 1 2 0.013
6 270 5 4 9 0.069 3 1 4 0.025
7 273 11 8 19 0.146 4 3 7 0.044
8 276 12 9 21 0.162 9 16 25 0.158
9 279 10 12 22 0.169 13 17 30 0.190

10 282 14 8 22 0.169 8 20 28 0.177
11 285 4 8 12 0.092 8 15 23 0.146
12 288 4 3 7 0.054 4 8 12 0.076
13 291 3 3 6 0.046 7 4 11 0.070
14 294 4 4 0.031 4 3 7 0.044
15 297 1 1 2 0.015 2 2 4 0.025
16 300 1 1 0.008 3 3 0.019
21 315 1 1 0.008 1 1 0.006

NOTE: Chr.5 chromosome; M5 male; F5 female; Pro.5proportion.

FIG. 1—Photo. Genotypes of STR HUMARA locus. From 1 to 9: 15–15,
8–14, 10–13, 9–12, 7–11, 6–8, 5–7, 2–14, 1–1. M: Allelic ladder (alleles
2,7,9,11,12, and 14 from bottom to top).



carried out for the reason of different designations of HUMARA
alleles and different PCR conditions in different reports (8).

The allele frequency distributions appear uni-model and symmet-
rical in both Han and Bei populations. The mechanism by which the
different distribution modes arose has not been ascertained.

In females, the expected heterozygosity of the Han population
was 0.91 and of the Bei population 0.97 which tend to be similar
with those of US Hispanic (0.91), Black (0.89), White (0.87), and
Asians (0.89) (7).

Our results indicate that the proper resolution and size determi-
nation can be achieved by using the non-denaturing native poly-
acrylamide gel electrophoresis because of increased elec-
trophoretic migration and using an allele ladder which will
compensate the potential variation in allele identification due to in-
ter-laboratory differences in the techniques and equipments.

In conclusion, two Chinese populations (Han, Bei) data base has
been established for STR HUMARA locus. The data demonstrated
that this locus profile frequency can be derived for identity testing
purpose.
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FIG. 2—HUMARA allele frequency distribution from 101 unrelated individuals of Han population and 113 unrelated individuals of Bei population.

TABLE 2—The genotype frequencies of STR HUMARA locus in both
Han and Bei populations.

Number Observed/Proportions

Genotypes Han Population Bei Population

Males Females Males Females Males Females

2–y 2–2 1/0.014 1/0.015
3–y 3–3 1/0.014 1/0.015

3–9 1/0.034
3–15 1/0.034 1/0.022

6–y 6–6 5/0.069 3/0.044
6–7 1/0.034 1/0.022
6–8 2/0.070
6–9 1/0.034

7–y 7–7 11/0.153 4/0.058
7–8 2/0.070
7–9 4/0.138 2/0.044
7–11 1/0.034

8–y 8–8 12/0.166 1/0.034 9/0.132 1/0.022
8–9 2/0.070 3/0.067
8–10 1/0.034 4/0.089
8–11 3/0.067
8–12 2/0.044
8–13 1/0.022
8–14 1/0.022

9–y 9–9 10/0.138 13/0.191 2/0.044
9–10 1/0.034 3/0.067
9–11 2/0.070 2/0.044
9–12 1/0.022
9–13 1/0.034
9–14 2/0.044

10–y 10–10 14/0.194 2/0.070 8/0.118 4/0.089
10–11 2/0.044
10–12 1/0.034 2/0.044
10–13 1/0.034 1/0.022

11–y 11–11 4/0.056 2/0.070 8/0.118 3/0.067
11–12 1/0.034 1/0.002
11–13 1/0.034
11–14 1/0.022

12–y 12–12 4/0.056 4/0.059 1/0.022
13–y 13–13 3/0.042 7/0.103 1/0.022
14–y 14–14 4/0.056 4/0.059
15–y 15–15 1/0.014 2/0.029
16–y 16–16 1/0.014 3/0.044
21–y 21–21 1/0.014 1/0.015
Total 72 29 68 45

x2 5 17.7206 x2 5 7.4268
Df 5 11 Df 5 10

p . 0.05 p . 0.05

Chi-square test based on observed/expected homozygosity. Small
classes, those with fewer than seven persons, were combined for statistical
tests.


