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Nine short tandem repeat (STR) markers (D3S1358, VWA, FGA, THO1, TPOX,
CSFIPO, D5S818, D13S317, and D7S820) and a sex-identification marker (Amel-
ogenin locus) were amplified with multiplex PCR and were genotyped with a
four-color fluorescence method in samples from 174 unrelated Han individuals in
North China. The allele frequencies, genotype frequencies, heterozygosity, prob-
ability of discrimination powers, probability of paternity exclusion and Hardy-
Weinberg equilibrium expectations were determined. The results demonstrated
that the genotypes at all these STR loci in Han population conform to Hardy-
Weinberg equilibrium expectations. The combined discrimination power (DP) was
1.05x107 1% within nine STR loci analyzed and the probability of paternity exclusion
(EPP) was 0.9998. The results indicate that these nine STR loci and the Amelo-
genin locus are useful markers for human identification, paternity and maternity

testing and sex determination in forensic sciences.
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Introduction

Most DNA polymorphisms are variations in the DNA
sequence that usually have no obvious effect on
the phenotype of an individual and are inherited
from generation to generation according to Mendelian
rules. They contribute significantly to the variabil-
ity in the DNA sequence of individuals of a species.
Among the variations, there are many short tandem
repeats (STRs) in the human genome. STRs appear
to be abundant throughout the human genome, oc-
curring on average every 6-10 Kb (7). Although gen-
erally small, 100-350 bp in size and simple repeated
sequences of 2-4 bp in length, STRs exhibit a high de-
gree of length and sequence polymorphism and pro-
vide a source of highly informative loci that can be
used for the identification of individuals. Therefore,
STR markers are of great value for genetic studies and
forensic identification (2-6).
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By using four-color fluorescence DNA sequencing
platform (Applied Biosystems Automated DNA Se-
quencer Model 377) and multiplex PCR, we analyzed
nine STR loci (D3S1358, VWA, FGA, THO1, TPOX,
CSFIPO, D5S818, D13S317, and D7S820) and a sex-
typing locus (Amelogenin) with samples collected
from 174 unrelated Han individuals in Chang’an
County, North China.

Results and Discussion

The allelic frequencies of the nine STR loci and the
Amelogenin locus in the Han Chinese were sum-
marized and compared with those from African-
American and Caucasian populations (Table 1). We
used pertinent data to determine the discrimination
power (DP) and probabilities of paternity exclusion
(EPP) of the Han Chinese for nine STR loci (Table
2). These STR data conformed to the predictions of
Hardy-Weinberg equilibrium.

Three fluorescent labels and size separation pro-
vided by DNA sequencer Model 377 enabled us to
distinguish many independent loci in the same lane.
To exploit the potential to increase throughput with
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ABI prism multicolor fluorescence technology, we per-  products of multiple PCR reactions in the same lane
formed multiplex electrophoresis by co-loading the (Figure 1).

Table 1 Allele Frequencies for Nine STR Loci

Allele Han African- Allele Han African- Allele Han African-

size Chinese American Caucasian size Chinese American Caucasian size Chinese American Caucasian
range (n=174) (n=195) (n=200) range (n=174)(n=195) (n=200) range (n=174)(n=195) (n=200)
D3S1358 THO1 D5S818

9 * 0.26 * 5 * 0.26 * 7 * 0.26 0.25
10 * * * 6 17.26 13.08 25.25 8 1.28 5.13 0.50
11 * 0.26 0.25 7 28.57  40.00 15.00 9 8.97 2.05 2.25
12 * 0.51 0.25 8 4.76 22.82 9.25 10 11.54 7.44 6.75
13 * * 0.50 9 46.43  13.08 13.75 11 41.03  25.39 39.25
14 4.17 11.80 11.25 9.3 2.38 10.00 35.00 12 25.64  32.56 33.25
15 35.17 27.95 28.25 10 0.6 0.77 0.75 13 11.54 24.87 16.50
15.2 * 0.26 * TPOX 14 * 2.05 1.00
16 26.19  32.31 2.25 6 * 8.21 * 15 * 0.26 0

17 20.83 21.80 22.25 7 0.60 3.59 * 16 * * 0.25
18 10.71 4.62 14.50 8 48.19 34.36 58.25 D138317

19 2.38 0.26 0.50 9 15.06  20.00 11.25 5 3.25 * 0.25
VWA 10 0.60 9.23 4.75 8 24.03 3.59 11.50
11 * * * 11 32,53 21.54 22.50 9 13.64 231 7.75
12 * 0.54 * 12 3.01 3.08 3.00 10 12.99 2.31 6.75
13 * 1.54 * 13 * * 0.25 11 23.38 27.18 31.25
14 25.30 7.70 8.50 FGA 12 20.13  44.36 28.25
15 1.81 22.05 8.20 162  * 0.26 * 13 2.6 14.10 9.75
16 17.47 26.92 19.75 17 * 0.26 * 14 * 6.15 4.25
17 34.34 1692  25.00 18 0.62  0.51 1.50 15 * * 0.25
18 15.66 13.85 11.00 19 4.32 4.62 6.25 D75820

19 5.42 8.46 11.00 19.2 * 0.26 * 6 0.66 0.51 *

20 * 2.06 1.50 20 3.7 4.36 16.25 6.3 * * 0.25
21 * * 0.25 20.2 * * 0.75 7 * * 2.50
22 * 0.26 * 21 9.26 13.33 17.75 8 13.16 17.95 17.50
CSP1PO 21.2 2.08 0.26 * 9 4.61 11.80 13.00
6 * 0.26 * 22 16.05  18.97 16.50 10 15.79  33.59 24.00
7 * 7.18 * 222 1.85 0.26 6.50 11 31.58  22.82 23.82
8 1.28 7.44 0.25 23 24.69 18.97 14.00 12 27.63 9.49 16.00
9 5.77 3.85 2.75 24 20,99 16.41 13.25 13 6.58 3.59 2.75
10 23.08  30.51 26.75 25 13.58 1231 11.25 14 * 0.26 0.75
10.3 * * 0.26 26 4.70 4.10 1.50 15 * * 0.25
11 22.44 21.28 25.75 27 1.23 4.10 0.50

12 40.38  22.05  35.75 28 * 0.77 *

13 6.41 5.92 7.00 29 * 0.26 *

14 * 0.51 1.50 30 * * *

15 0.64 * *

* Alleles were not found in these population samples. The highest values of allele frequencies are underlined.
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Table 2 Probability of DP and EPP for STR Loci

Loci DP Loci EPP

Han African- Caucasian Han African- Caucasian

Chinese American Chinese  American
D3S1358 0.1110 0.102 0.078 D3S1358 0.4370 0.5250 0.5797
VWA 0.0854 0.058 0.065 VWA 0.6421 0.6394 0.6170
FGA 0.0598 0.035 0.036 FGA 0.6567 0.7202 0.7173
THO1 0.1553 0.102 0.094 THO1 0.5063 0.5250 0.5418
TPOX 0.1905 0.081 0.211 TPOX 0.4796 0.5764 0.3589
CSFIPO 0.0870 0.070 0.122 CSFIPO 0.6085 0.6048 0.4854
D5S818 0.1030 0.097 0.140 D5S818 0.6602 0.5375 0.4554
D13S317 0.0813 0.031 0.074 D13S317 0.7222 0.4725 0.5940
D7S820 0. 0862 0.081 0.061 D7S820 0.7366 0.5742 0.6307
Combined 1.05x107'%  1.23x107'° 2.79x107'° Combined 0.9998  0.9996 0.9994

Allele definitions for STRs are based on the frag-
ment length of PCR products estimated by slab gel
or capillary electrophoresis. Experimental variations
in fragment size have led to the practice of “binned”
alleles, grouping allele fragments belonging to a par-
ticular size range, centered around the average size
within an accepted limit. For a fragment with a length
of 169 bp, the corresponding allele binning definition
would be 169.00+0.50 bp. This method allows us to
define alleles based on sample sizes. For example,
allele THO1-9 in our samples was different from al-
lele THO1-9.3 because the fragment length of THO1-
9 was 185 bp while the length of THO1-9.3 was 189
bp. The difference in size of over 2-bp between two in-
dividuals provides a reliable measure for the different
definitions (Figure 2).

Most GeneScan fragment analyses depend greatly
on PCR amplification. A successful amplification is
governed by the quality of DNA template and other

relevant factors in the PCR system. Either overload-
ing or underloading template can affect the results of
GeneScan. For this reason, we recommend using 1.0-
1.5 ng DNA to avoid insufficient templates and PCR
inhibitors (for example, heme compounds, EDTA, or
certain dyes). To improve the specificity and sensi-
tivity of PCR amplification, we used AmpliTaq Gold
DNA polymerase at 95°C for 5 min prior to the PCR
cycles.

Compared with the conventional methods of DNA
identification, such as RFLP, VNTR (7,8), STR
GeneScan analysis is able to detect small alleles in
highly degraded samples, decreasing assay time and
labor, and also non-isotopic labeling (9). These com-
bined qualities make this technique an extremely ro-
bust tool for criminal investigations, the study of
human origin, gene diagnosis, archaeology, genomic
mapping, and also in the protection of the gene re-

sources.

Table 3 GeneScan Loci Designated by GenBank Locus Name and Motifs

GenBank Locus Chromosome Sequence  Allele Size

Name Location Repeats Range Known Alleles

Amelogenin Xp22.1-22.3Y NA 107,113 NA

D3S1358 3p TCTA 114~142 12, 13, 14, 15, 16, 17, 18, 19

D5S818 5q TGAT 135~171 7,8,9,10, 11, 12, 13, 14, 15, 16

VWA 12P12p AGAT 157~197 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21
D13S317 13q22~q31 GATA 206~234 8,9, 10, 11, 12, 13, 14, 15

THO1 11P15.5 AATG 169~189 5,6,7,8,9,9.3, 10

TPOX 2p23~2p AATG 218~242 6,7,8,9, 10, 11, 12, 13

FGA 4q TTTC 219~267 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30
D7S820 7q GATA 258~294 6,7,8,9,10, 11, 12, 13, 14, 15
CSF1PO 5q33.3~34 AGAT 281~317 6,7,8,9,10, 11, 12, 13, 14, 15
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Fig. 1 Fluorescence image of nine STR loci and Amelogenin locus in the ABI prism 377 DNA sequencer. The
left lane is allele ladder and other lanes are samples. Yellow-NED-labeled loci are D5S818, D13S317, and D7S820.
Blue-S-FAM-labeled loci are D3S1358, VWA and FGA. Green-JOE-labeled loci are Amelogenin, THOE, TPOX, and

CSF1PO.
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Fig. 2 Alleles identified by Genotyper 2.5.2. DNA fragment sizes are indicated with a ruler. The blue, green and

black peaks are loci labeled with different fluorescence, and the red peak is ROX for the GeneScan internal lane size

standards.

(RFU).

Materials and Methods

Samples and markers

Blood samples were taken from unrelated volun-
teer donors of the Han Chinese who had settled in

The boxes numbers are alleles of different loci.

The vertical scales indicate the relative fluorescence unit

Chang’an County at least three generations before

sample collecting. We divided 1 mL fresh blood into

Geno., Prot. & Bioinfo. ~Vol. 1 No. 2

three aliquots, stored at -80°C, at room temperature,
and in filter swabs, respectively.

The fragment size of electrophoresis bands was au-
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tomatically determined by a calibration curve that
was obtained from a co-electrophorized standard size
ladder by using the GeneScan software. The perti-
nent information for these STRs is given in Table 3

(3, 4).

DNA extraction and quantification

DNA was extracted from 50uL fresh blood or blood-
stains by using the extraction buffer. After ethanol
precipitation, we dried the DNA in a vacuum cen-
trifuge and then added 100 uL deionized water for
future use. We diluted DNA in order to add the min-
imum necessary volume for sequencing. According to
the results of Yield Gel, we diluted to 1.0-1.5 ng/uL
DNA with deionized water.

DNA amplification and electrophoresis

Multiplex PCR is a technique of simultaneously am-
plifying multiple DNA targets using multiple primer
pairs at one PCR reaction. For each reaction, we
added 2 pL template DNA, and 3 uL. Master Mix to
a separate tube. The total volume was 5uL. The sam-
ples were amplified in a Perkin Elmer DNA Thermal
cycler 9700 for 30 cycles using the following param-
eters: 94°C, 40 s for denaturing; prime anealing at
59°C, 30 s; extension at 60°C, 20 min. Before carry-
ing out the cycling, we denatured the DNA at 95°C
for 5 min. The parameters of the pre-run were as
follows: time 20 min, power 168 W, voltage 3.0 KV,
current 48 mA. The parameters of the run were: time
90 min, power 200 W, voltage 3.0 KV, current 60 mA.
At first, we added 1.3 pL FLS/GS350 to the sample
and denatured it at 95°C for 2 min. Then we placed
the sample on the ice for future use. The markers
were dealt with the same way. Then we loaded 1 uL
volume of samples onto the gel comb cannels and per-
formed a run. The raw data was stored in a gel file
along with sample information from the run sheet.

GeneScan techniques and allele desig-
nation

The GeneScan Analysis Software analyzed the data
collected by the ABI prism 377 DNA sequencers to
determine the size and quantity of DNA fragments.
GeneScan analyses of sample files included establish-
ing a baseline, adjusting for spectral overlap of the

dye, peak detection, and size calling. In our tests,
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we used the same GeneScan size standard, labelled
with the same dye for all samples. We compared
peak areas, heights, and sizes in nucleotide bases only
for those fragments that were labelled with the same
dye. There were four colors in the electropherogram.
Different DNA fragments labelled with different color
fluorescent dyes. Red-350 [ROX] was reserved for the
GeneScan Internal Lane Size Standards. These flu-
orescently labelled DNA ladders were loaded in the
same lane as experimental samples. The fragment
lengths were 50, 75, 100, 139, 150, 160, 200, 250, 300,
340, and 350 bp, respectively.

According to the repetitive frequency of the nine
STR loci, Genotyper computes the allele definitions
using allele-binning method. For example, we desig-
nated THO1 locus as 5, 6, 7, 8, 9, 3, and 10, depending
on the repetitive frequency of this allele.
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