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ABSTRACT. We investigated the genetic polymorphisms of three 
short tandem repeat (STR) loci, D18S53, D18S59, and D18S488, on 
chromosome 18 in fetuses from a Chinese Tianjin Han population. 
Sixty-four villus samples and 374 amniotic fluid samples were collected 
from fetuses. Quantitative fluorescence polymerase chain reaction was 
performed to amplify the STR loci, followed by scanned electrophoresis 
and quantitative analysis of the fluorescence signals. Hardy-Weinberg 
equilibrium (HWE) analysis was performed based on the genotype 
distributions of the STR loci to obtain the following population 
genetic data: genotype frequency, heterozygosity of observation (HO), 
polymorphism information content (PIC), probability of discrimination 
power (PD), and probability of exclusion (PE). We detected 15, 13, 
and 15 alleles of D18S53, D18S59, and D18S488, respectively. The 
genotype frequencies were found to be in line with HWE. The HO 
values of the three loci, D18S53, D18S59, and D18S488, were 0.797, 
0.847, and 0.792; the PIC values were 0.81, 0.75, and 0.73; the PD 
values were 0.944, 0.901, and 0.881; and the PE values were 0.593, 
0.689, and 0.585, respectively. D18S53, D18S59, and D18S488 loci are 
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good genetic markers of chromosome 18, and show potential for use in 
the prenatal genetic diagnosis of Edwards’ syndrome.
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INTRODUCTION

Edwards’ syndrome (ES) is one of the most common chromosomal abnormalities 
involving aneuploidy, with an incidence rate second only to that of Down’s syndrome. One in 
4000 individuals is born with ES, and its main manifestations include severe mental retardation 
and multiple malformations (Lakovschek et al., 2011; Cereda and Carey, 2012; Hurley et al., 
2014). The cause of ES is still unclear and there is no effective treatment, so it is a heavy burden 
on the families of affected individuals, as well as on society (Sibiude et al., 2011; Wilkinson et 
al., 2014). Currently, the birth of infants with ES may be prevented only by effective prenatal 
screening and diagnosis (Elsayed et al., 2013). The rapid development of molecular biology 
techniques is expected to significantly improve the efficiency of ES diagnosis when applied to 
prenatal screening (Tekcan et al., 2014). Quantitative fluorescence polymerase chain reaction 
(QF-PCR) uses fluorescently labeled primers to associate a fluorescence signal with the 
products of amplification. The fluorescence signal, which is detected and analyzed by sensitive 
automated instruments, is used to quantify the peak areas of PCR amplification using gene-
scanning software, thereby determining the original amounts of template DNA. QF-PCR is 
used to amplify specific short tandem repeat (STR) loci, and is therefore useful for the diagnosis 
of chromosomal aneuploidy and prenatal genetic diagnoses (Muthuswamy et al., 2015).

An STR is a DNA tandem repeat sequence, with two to six nucleotides forming the 
repeating unit. STRs contain a wealth of polymorphisms, which may indicate regional and 
ethnic differences (Duitama et al., 2014). STRs, also known as satellite DNA, constitute 
about 10% of the human genome. Satellite DNA, which is a class of highly repetitive 
sequences present in noncoding regions, is presumed to play a role in chromosome 
replication and terminal protection. An STR locus is also known as a microsatellite DNA, 
with a repetition number of 15 to 30. Normally, an STR locus consists of dozens of allele 
fragments of lengths of about 400 bp or less, with the most common core sequences being 
(TG)n, (AAT)n, (GATA)n, and (CA)n, which is the most common of all. These are more 
prevalent in untranslated regions and introns. Owing to the highly polymorphic nature and 
Mendelian co-dominant inheritance pattern of STR loci, these sequences are widely used 
in gene mapping, screening, genetic disease linkage analysis, population genetics, forensic 
identification of individuals, and paternity testing.

Therefore, the genetic polymorphism data provided by the typing of STR loci in 
different ethnic populations form the basis of chromosome aneuploidy genetic diagnosis and 
prenatal genetic diagnosis (Jain et al., 2010). In our previous study, we found that three STR loci 
on chromosome 18, namely D18S53, D18S59, and D18S488, showed genetic polymorphisms 
in the Tianjin Han population. They are, therefore, good candidates for use as genetic markers 
of chromosome 18. In this study we used QF-PCR to investigate the genetic polymorphisms 
of D18S53, D18S59, and D18S488 in fetuses from the Tianjin Han population, with the aim 
of providing experimental evidence for the prenatal diagnosis of ES.
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MATERIAL AND METHODS

Subjects

Chorionic villus samples (64) and amniotic fluid samples (374) were collected from 
high-risk pregnant women at 8 to 24 gestational weeks who had received treatment at the 
Prenatal Diagnosis Center of Tianjin Medical University General Hospital between April 2004 
and October 2009. This study was conducted in accordance with the declaration of Helsinki, 
and received approval from the Ethics Committee of Tianjin Medical University General 
Hospital. All patients signed informed consent before prenatal examination.

DNA extraction

Chorionic villi (0.5-1 mg) or amniotic fluid (1 mL) was taken for DNA extraction by 
conventional methods, as described in a previous study (Green and Sambrook, 2012).

Selection of primers

The primer sequences shown in Table 1 for the amplification of selected regions of 
the D18S53, D18S59, and D18S488 loci were generated using the UniSTS NCBI database 
(http://www.ncbi.nlm.nih.gov/unists). The 5'-end of the forward primer was labeled with the 
fluorescent dye caboxyfluorescein-5-succimidyl ester (FAM), and the primers were synthesized 
by Beijing Dingguo Biological Technology Co., Ltd. (Beijing, China).

Table 1. Characteristics of the three short tandem repeat (STR) loci D18S53, D18S59, and D18S488.

STR locus UniSTS No. Chromosomal localization Primer sequence (5'-3') Fragment length (bp) 
D18S53 55077 18p11.2 f-FAM-GGTCACCTACAACTTTGGATG 159-179 

r-TGCATGTAAATATCAGAGTCTGTT 
D18S59 14236 18p11.32 f-FAM-GGTCACCTACAACTTTGGATG 148-164 

r-TGCATGTAAATATCAGAGTCTGTT 
D18S488 78946 18q22.3 f-FAM-TTCTGAAGACAGATCCAAGTG 239-264 

r-ATCATGTGAGCCAATTCCT 
 

PCR amplification

The total volume of the PCR mixture (Takara, Tokyo, Japan) was 25 mL, including 1X 
PCR buffer, 0.2 mM dNTPs, 0.04 U/mL Taq enzyme, and ~0.6 ng DNA template, with a primer 
concentration of 0.12 mM. The PCR amplification conditions were: pre-denaturation at 94°C 
for 2 min; 35 cycles of denaturation at 94°C for 30 s, annealing at 52°C for 30 s, and extension 
at 72°C for 1 min; followed by extension at 72°C for 10 min and storage at 4°C.

The amplification products were detected by 4% polyacrylamide gel electrophoresis. 
An ABI PRISM 377 automatic sequencer was used to scan the electropherogram, with the 
GeneScan 3.1 software used for data extraction. The Matrix file of plastic films was installed, 
the appropriate internal standard was selected, and analysis parameters were set. The BinThere 
software was used to set the fragment sizes, and the resulting data were imported into the 
GeneScan 3.1 software, so that the corresponding peak spectra and related data could be 
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obtained. The sizes and peak areas of the fluorescence signals from the DNA fragments from 
electrophoresis were analyzed, according to the positions of intra-molecular electrophoresis 
markers. The alleles were then numbered in ascending order so that the genotype of each 
sample could be obtained.

Statistical analysis

The direct counting method was used to determine the allele frequency for each locus, 
which was then analyzed by the SPSS13.0 software to verify whether it was in agreement 
with the Hardy-Weinberg equilibrium (HWE) (P > 0.05). The mean, standard deviation, 
and 95% confidence intervals (95%CIs) for the reference range of peak area ratios were 
statistically analyzed for the heterozygous individual. The PowerStatsV12 software was used 
for statistical analysis, and the heterozygosity of observation (HO), polymorphism information 
content (PIC), probability of discrimination power (PD), and probability of exclusion (PE) 
were calculated for the three STR loci.

RESULTS

Allele frequencies of the three loci

All 438 samples were successfully amplified. Fifteen alleles were found at the D18S53 
STR locus, with allele fragment lengths ranging from 161 to 185 bp. These fragments were 
named 1 to 15, from the shortest to the longest. A total of 52 genotypes were found, the 
frequencies of which were consistent with HWE (c2 = 23.94, P = 1.00). Thirteen alleles were 
found at the D18S59 STR locus, with allele fragment lengths ranging from 128 to 152 bp. 
These were named 1 to 13, from the shortest to the longest. A total of 47 genotypes were 
found, whose frequencies were consistent with HWE (c2 = 52.10, P = 0.19). Fifteen alleles 
were found at the D18S488 STR locus, with allele fragment lengths ranging from 236 to 264 
bp. These were named 1 to 15, from the shortest to the longest. A total of 42 genotypes were 
found, whose distribution was in agreement with HWE (c2 = 45.11, P = 0.23). The allele 
frequencies for the three STR loci are shown in Table 2. The electrophoresis and GeneScan 
analysis results for each allele are shown in Figures 1-4.

Table 2. Allele frequencies of the D18S53, D18S59, and D18S488 loci.

Allele fragment Allele frequency of D18S53 Allele frequency of D18S59 Allele frequency of D18S488 
1 0.0011 0.0034 0.0067 
2 0.0067 0.0157 0.2864 
3 0.0011 0.0145 0.0895 
4 0.0302 0.0168 0.0045 
5 0.0190 0.3982 0.0213 
6 0.2092 0.0570 0.0034 
7 0.1544 0.1208 0.0011 
8 0.2472 0.1141 0.0067 
9 0.1633 0.0190 0.0011 
10 0.0772 0.1767 0.3859 
11 0.0459 0.0336 0.1723 
12 0.0112 0.0246 0.0291 
13 0.0101 0.0067 0.0179 
14 0.0011  0.0034 
15 0.0011  0.0034 
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Figure 1. Electrophoresis result for the D18S53 (A), D18S59 (B), and D18S488 (C) loci. Locus D18S53 (A) 
exhibited two fluorescent bands in lanes 1, 3 and 4, while it is shown signal fluorescent band in lanes 2 and 5. Locus 
D18S59 (B) exhibited two fluorescent bands in lanes 1 and 2, while it is shown signal fluorescent band in lanes 3, 
4 and 5. Locus D18S488 (C) exhibited two fluorescent bands in lanes 2 and 3, while it is shown signal fluorescent 
band in lanes 1, 4 and 5.

Figure 2. GeneScan result for the D18S53 locus. A. and B. are the GeneScan analysis results for lanes 2 and 3 of 
the D18S53 locus, respectively; lane 2 exhibited the corresponding fluorescent signal peaks; lane 3 exhibited 2 
peaks, with a peak area ratio of approximately 1:1 (1218:1237).
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Figure 3. GeneScan result for the D18S59 locus. A. and B. are the GeneScan analysis results for lanes 2 and 3 of 
the D18S59 locus, respectively; lane 2 exhibited the corresponding fluorescent signal peaks; lane 3 exhibited 2 
peaks, with a peak area ratio of approximately1:1 (2127:1737).

Figure 4. GeneScan result for the D18S488 locus. A. and B. are the GeneScan analysis results for lanes 4 and 3 of 
the D18S488 locus, respectively; lane 4 exhibited the corresponding fluorescent signal peaks; lane 3 exhibited 2 
peaks, with a peak area ratio of approximately 1:1 (6830:6672).
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Genetic polymorphism

Values for the statistical genetic polymorphism parameters (HO, PIC, DP, and PE) 
of the three STR loci, D18S53, D18S59, and D18S488, in fetuses of Tianjin Han ethnic 
background are shown in Table 3.

Table 3. Genetic polymorphism parameters of the three short tandem repeat (STR) loci.

HO = heterozygosity of observation; PIC = polymorphism information content; PD = probability of discrimination 
power; PE = probability of exclusion.

Locus HO PIC PD PE 
D18S53 0.797 0.81 0.944 0.593 
D18S59 0.847 0.75 0.901 0.689 
D18S488 0.792 0.73 0.881 0.585 

 

DISCUSSION

In QF-PCR, the template DNA is amplified by PCR using fluorescently labeled primers, 
so that the fluorescent label is incorporated into the PCR amplification products. Therefore, the 
fluorescent signal generated is proportional to the amount of amplification product. After the 
collection and analysis of fluorescence data by automated equipment of sufficient sensitivity, 
the peak areas of corresponding repeated length within DNA sequences are determined by 
the gene scanning software, thereby quantifying the original template DNA (Okamoto et al., 
2003). In 1991, Edwards et al. first applied STR-PCR to establish second-generation DNA 
fingerprinting technology for the diagnosis of X chromosome monomer disease. Mansfield 
(1993) subsequently used STR loci as genetic markers for chromosome 21, and performed 
QF-PCR for the genetic diagnosis of patients with Down’s syndrome. Several studies have 
since utilized the unique advantages of STR loci for the diagnosis of abnormal chromosome 
numbers (Langlois and Duncan, 2011; Papageorgiou et al., 2011).

QF-PCR has been widely used for the rapid diagnosis of common chromosome 
aneuploidies in the USA, the UK, and in other European countries (Mann and Ogilvie, 2012). 
Hills et al. (2010) retrospectively analyzed 737 prenatal diagnostic specimens in region 9 of 
London, and found that 73 cases with serious maternal contamination could be analyzed by 
QF-PCR alone. Compared with conventional cytogenetic prenatal diagnosis, QF-PCR has 
the advantages of being faster, more convenient, and cost-effective when applied to prenatal 
diagnosis (Jenderny et al., 2014). In this study, three STR loci were selected from near the 
centromere, from the short arm, and from the long arm of chromosome 18, with the aim of 
providing experimental evidence for ES gene diagnosis and prenatal diagnosis in fetuses of 
Tianjin Han origin. Through the statistical analysis of the QF-PCR results, this study provides 
the experimental basis for establishing the diagnostic criteria of this method, with applications 
in genetic and prenatal diagnoses.

Currently, there are few reports about the population genetic data for D18S53, 
D18S59, and D18S488, either in China or globally. In this study we found that in fetuses of 
Tianjin Han nationality, the three STR loci, D18S53, D18S59, and D18S488, had HO values 
of 0.797, 0.847, and 0.792; PIC values of 0.81, 0.75, and 0.73; PD values of 0.944, 0.901, and 
0.881; and PE values of 0.593, 0.689, and 0.585, respectively. These results are consistent with 
the population genetic data for D18S53, D18S59, and D18S488 in the Tianjin Han population 
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from our previous studies. For the STR loci selected in this study, HO > 0.7, PIC > 0.5, PD 
> 0.8, and PE > 0.5, indicating that D18S53, D18S59, and D18S488 may be used as reliable 
genetic markers of chromosome 18, as well as for prenatal genetic diagnosis of ES.

The QF-PCR technique has received much attention owing to its cost-effectiveness and 
efficiency. Gekas et al. (2011) studied the prenatal diagnostic programs for 110,948 pregnant 
women and found that QF-PCR could save US$3494 in diagnosing a single Down’s syndrome 
case, compared with karyotype analysis. Therefore, it is necessary to establish a QF-PCR 
diagnostic program in line with the population characteristics of Tianjin. As the same STR 
locus may contain alleles with different lengths in different individuals, QF-PCR amplification 
may indicate two different situations based on STR amplification: the homozygotes show one 
band/peak and the heterozygotes show two bands/peaks, with a quantitative ratio of about 
1:1. In this study, three STR loci (in a total of 1067 samples) indicated heterozygotes, with 
the peak area ratio of those two peaks of 0.50-1.76, mean ± SD = 1.06 ± 0.21, and 95%CI = 
1.06-0.41. The quantitative results of QF-PCR peak area analysis showed the peak area ratio 
to be 0.55-1.47, within the normal reference range and consistent with the results obtained by 
Putzova et al. (2008).

This study found that loci D18S53, D18S59, and D18S488 on chromosome 18 had 
higher heterozygosity in fetuses of Tianjin Han background, suggesting that these may be used 
as good genetic markers of chromosome 18. The quantitative results for the QF-PCR peak 
area were within the normal reference range, thus providing a theoretical basis for the further 
genetic diagnosis and prenatal genetic diagnosis of ES. Follow-up research should aim to 
continue to screen STR loci on chromosomes 13, X, and Y for the diagnosis of abnormalities 
in these chromosomes.
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