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ABSTRACT 

 

 
ARTICLE DETAILS 

 
Background: Prenatal paternity test is mostly performed by using Amniocentesis or Chorionic Villus 

Sampling (CVS) methods. However, these methods require invasive procedures, which are potentially 

harmful for both the mother and the fetus. Currently, the invention of of Cell-Free Fetal DNA (cffDNA) 

has offered the opportunity of performing prenatal paternity test non-invasively. 

Materials and Methods: This study is a cross sectional descriptive study to detect cell free fetal DNA 

at 13 STR loci and at amelogenin gene to evaluate fetus gender, which will be compared to the baby 

gender afterbirth. Healthy third semester pregnant women were included as participants. Inform consent 

for both the mother and the biological father has been provided. 

Result: Four participants has been evaluated. In this study, in all participants, we found the presence of 

cffDNA in almost all of the STR loci. Some loci cannot be detected due to the small amount of cffDNA 

in the loci. All fetus genders detected by cffDNA in the amelogenin gene macthed the gender of the four 

babies afterbirth. 

Conclusion: The use of Cell-Free Fetal DNA (cffDNA) is a potential non-invasive methods in prenatal 

paternity test. Additionally, the ability of the method to evaluate fetus gender has been suggested. 
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INTRODUCTION 

During pregnancy, the fetal and maternal circulation is 

separated by the placental membrane. The placental 

membrane forms an impenetrable barrier between the 

mother's and child's blood. However, various evidences 

have pointed to the incompleteness of these barriers to 

cellular exchange.1 Several hypotheses regarding the 

origin of fetal DNA in the maternal circulation are fetal 

hemapoetic cells, placental trophoblast and transferred 

directly from the maternal. One possible explanation is 

that fetal DNA comes from fetal cells that were damaged 

when trying to enter the maternal circulation. Another 

hypothesis states that a high enough fetal DNA 

concentration is thought to originate from apoptotic 

placental trophoblasts, so that the concentration of fetal 

DNA increases with the development of the placenta 

during pregnancy.2 

Fetal free DNA is the nucleus of DNA. The 

presence of core DNA in fetal free indicates the content of 

DNA satellites in which there is a short tandem repeat 

(STR). STR contained in fetal free DNA is a fusion of 

DNA / STR derived from father and mother according to 

Mendel's law. Micro-satellite repeat often referred to as 

STR is a DNA region with 3-7 bp repeat units. So in other 

words, STR is tandem repeat with a very short repeat 

motive. At each STR locus, each individual has a DNA 

fragment, each of which comes from its parents. The 

variation in the sequence of bases in the DNA within each 

human cell is called polymorphism. Polymorphism is a 

term used to indicate the existence of a different form of 

the same basic structure. A new locus is said to be a 

polymorphism if the most frequent allele is found to be 

less than 99% of the frequency at the locus concerned, 

whereas according to Hardy Weinberg's law at least 2% 

of the population must be heterozygous at that locus. The 

https://doi.org/10.47191/ijmscrs/v1-i4-01
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nature of this polymorphism is thought to be due to 

unequal exchanges in the processes of mitosis and 

meiosis, so that it shows the variation of each individual 

which can provide an advantage because it distinguishes 

one person from another. This is used in forensic medicine 

as the basis for identification through polymorphic DNA 

analysis. The The Federal Bureau of Investigation (FBI) 

has its own DNA examination standards, where the 

National Police also uses the same standards as the FBI, 

as a DNA-based identification technique. This FBI 

standard is known as CODIS or Combined DNA Index 

System, using the STR (Short Tandem Repeat) method. 

The FBI released 13 recommended loci in the process of 

identifying individuals.3,4 

Initially, the cell-free fetal DNA is only limited 

to determining the type of rhesus and gender of the fetus, 

but currently it has grown very rapidly for the existence 

of specific markers for several types of trisomy in the 

fetus. In the field of forensic medicine it is also growing 

its use for invasive prenatal paternity tests. In some cases 

of rape that may have resulted in pregnancy, an analysis 

is needed to determine the birth father. Conventional 

prenatal paternity tests are performed by extracting 

chorionic villi tissue or amniotic        fluid 5, but this 

method is invasive and poses risks to both the mother and 

the fetus.6-10 The discovery of cell-free fetal DNA 

(cffDNA) in maternal blood provides hope for 

developing new prenatal paternity tests that are not in 

invasive and avoid the risks and complication of 

conventional test.11 The isolation method of cell free fetal 

DNA is very important because of interference from the 

mother's DNA. This is the biggest challenge because the 

results depend on the method of isolation.12 This study 

aims to detect the presence of cell free fetal DNA at 13 

STR loci which can be developed for noninvasive 

prenatal paternity test. 
 

METHODS 

This research is a cross sectional descriptive study to detect 

the presence of cell-free fetal DNA at 13 Short Tandem 

Repeats (STR) loci and amelogenin in plasma of pregnant 

women. The sample of this research are 4 volunteers couple 

of husband and wife. Pregnant women in this study with the 

third trimester of pregnancy, Hb above 12 g / dl and had no 

complications during pregnancy such as eclampsia and 

others. The husband and wife agreed to take part in the study 

and signed the informed consent. The research approval was 

requested to the research ethics committee Faculty of 

Medicine Andalas University with number of approval  

482/KEP/FK/2019. 

DNA extraction 

Put 20 ml pregnant women’s blood into an EDTA tube. 

Plasma was obtained by centrifuging 20 ml of sample blood 

in an Eppendorf 3000 rpm tube for 10 minutes. Then 

centrifuged to 6000 rpm for 10 minutes, the supernatant was 

placed in a clean tube. Samples were stored at -200C. Extract 

plasma using the quick-cfDNA serum and plasma kit (Zymo 

Research) according to the manufacturer's instructions. 

Meanwhile, the blood of the mother and father was isolated 

using the QIAamp DNA Blood Midi Kit (Qiagen) kit.

  

Polymerase chain reaction (PCR) 

No.  STR  PCR primers: (5 '- 3') Thermal 

cycle 

PCR tube 

1 TPOX F-AGAACAGGCACTTAGGGAA 

R-AGCGTTTATTTGCCCAA 

Initial 

denaturation at 

950C for 3 

minutes, then 

followed by 35 

repeated 

cycles, further 

denaturation at 

950 C for 30 

seconds, 

annealing at 

590 C for 20 

seconds and 

elongation at 

720 C for 20 

seconds. The 

PCR process 

was ended 

with a final 

elongation 

The total 

volume of 

the 

reaction 

was 15 µl 

(7.5 µl Go 

Taq Green 

Master 

Mix, 2µl 

genomic 

DNA 

(sample), 

0.5 µl 

Forward 

primers, 

0.5 µl 

reverse 

primer and 

4.5 µl 

ddH2O. 

2 D3S1358 F-CTTTGGGGGCATCTCTTATAC 

R- AGCAAGACCCTGTCTCATAG 

3 VWA F-LOGGATGATGATGATGATGGATAG R- 

AGAAGAAACAGGTCTAGAGGATCC, 

4 FGA F-GCCCCATAGGTTTTGAACTCA 

R- TGATTTGTCTGTAATTGCCAGC 

5 D18S51 R-TGGTGTGTGGAGATGTCTTAC  

F-CTCTGAGTGACAAATTGAGACC 

6 D8S1179 F- TTTTTGTATTTCATGTGTACATTCG R-

CGTAGCTATAATTAGTTCATTTTCA 

7 D21S11 F- AATATGTGAGTCAATTCCCCAAG 

R- AATAGGAGGTAGATAGACTGGATAG 

8 D5S818 F-CAACATTTGTATCTTTATCTGTATCC R-

ATATTTTAATAGCAAGTATGTGACAAG 

9 D13S317 F- TCTGACCCATCTAACGCCTATC  

R- CATAGGCAGCCCAAAAAGACAG 

10 D7S820 F- ACAGAATTGCACCAAATATTG  

R- GGGTATGATAGAACACTTGTC 
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step at 720 C 

for 5 minutes 

11 D16S539 F-ACCACAGTTCCCATTTTTATATG  

R-CTATCATCCATCTCTGTTTTGTC 

12 TH01 F-CATTGGCCTGTTCCTCCTCCCTTA  

R-GCAGGTCACAGGGAACACAGA 

13 CSFIPO F-AGATATTAACAGTAACTGCCTTCA  

R-CAGATACTATCTCCTGGTGCA 

14 AmelogeninX F-CAGAGAGAAACTAGAGAGAGCTTTG  

R-TCCTCAGTTCTAGCAAACAACG 

15 Amelogenin Y F-AGCAAGAAGTAGAAGGTGATAGG R- 

CAAGTTTCACCAAGGGACAAC 

 

The PCR amplification products were observed by using 

agarose gel electrophoresis 1.5% which was given GelRed 

DNA dye. A total of 5 µl of PCR products were 

electrophoresed with a voltage of 100V for 60 minutes, then 

agarose gel was observed under UV light using GelDoc. 

Furthermore, it was observed using the experion DNA 1 K 

Analysis Kit according to the Bio-Rad protocol. 

 

 

RESULTS 

The research participants were 4 volunteers pregnant women 

and their husbands. Pregnant women in this study were 27-33 

years old with a 27-33 weeks gestational age. Tables 1, 2, 3 

and 4 show the length of basepair produced in the mother, 

father and fetus in all samples. From the results, it can be seen 

that in almost every locus there is a fetal amplicon, except at 

locus D13S317 in all sample and at locus D5S818 in sample 

4.

  

Table 1. Length of basepair amplicon of father, mother and fetus in couples 1 

Amplicon 

(bp) 

D3S1

38 

VW

A 

FG

A 

D18S

51 

D8S11

79 

D21S

11 

D5S8

18 

D13S3

17 

D7S8

20 

D16S5

39 

CSF1P

O 

TH

O1 

TPO

X 

mother  133  190 185 

192 

151 

158 

177 

193 

204 

215 

147 

155 

128 

141 

151 

159 

164 

172 

162 92 

97 

86 

96 

Father  137 189 

197 

183 154 177 

197 

215 

222 

152 137 167 164 

172 

162 90 84 

Fetus  129 191 185 

191 

151 

158 

176 

193 

203 

215 

147 

154 

- 148 

156 

161 

169 

159 92 

98 

84 

93 

 

Table 2. Length of basepair amplicon of father, mother and fetus in couples 2 

Amplicon 

(bp) 

D3S1

38 

VW

A 

FG

A 

D18S

51 

D8S11

79 

D21S

11 

D5S8

18 

D13S3

17 

D7S8

20 

D16S5

39 

CSF1P

O 

TH

O1 

TPO

X 

mother  146  190 186 

197 

149 

155 

181 209 157 134 

146 

166 174 163 

183 

97 83 

101 

Father  127 

134 

178 174 

181 

157 180 205 154 139 166 173 166 

178 

91 

97 

83 

Fetus  150 

 

195 189 

199 

150 

157 

188 

 

207 157 - 165 173 167 

177 

99 85 

104 

 

Table 3. Amplicons of father, mother and fetus in couples 3 

Amplicon 

(bp) 

D3S1

38 

VW

A 

FG

A 

D18S

51 

D8S11

79 

D21S

11 

D5S8

18 

D13S3

17 

D7S8

20 

D16S5

39 

CSF1P

O 

TH

O1 

TPO

X 

mother  140 189 185 

191 

152 177 

193 

203 151 

159 

141 151 

160 

168 

175 

155 

171 

91 

97 

82 

Father  133 

141 

185 180 

186 

157 186 213 156 139 169 169 169 91 82 

Fetus  135 

 

177 170 

176 

140 162 

177 

188 139 

146 

- 139 

147 

154 

161 

158 

174 

92 

97 

84 



Potential Use of Cell Free Fetal DNA at 13 Short Tandem Repeats Loci for     Noninvasive Prenatal Paternity Test 

40     Volume 01 Issue 04 June 2021                                                                 Corresponding Author: Citra Manela 

Table 4. Amplicons of father, mother and fetus in couples 4 

Amplicon 

(bp) 

D3S1

38 

VW

A 

FG

A 

D18S

51 

D8S11

79 

D21S

11 

D5S8

18 

D13S3

17 

D7S8

20 

D16S5

39 

CSF1P

O 

TH

O1 

TPO

X 

mother  136 181 

194 

175 

186 

156 178 203 160 125 

134 

165 168 83 170 90 

Father  145 187 185 138 

145 

183 

190 

210 

220 

152 138 165 170 82 

92 

169 88 

Fetus  136 

 

181 

193 

175 

185 

156 

 

177 

 

202 - - 164 168 84 

 

172 90 

 

In this study we also used the Amelogenin gene, as shown in table 5 and figure 1. The sexes in cople number one and three 

are male and the sexes in the couple number two and four are female. In the male sex, the peak will be seen in the amelogenin Y 

gene, while the female gender is not found. 

 

Table 5. Fetal sex as seen from amplicon amelogenin X and Y 

Amplicon (bp) Sample 1 Sample  2 Sample  3 Sample 4 

 X Y X Y X Y X Y 

cffDNA 

(Fetus)  

163 298 164 - 150 305 164 - 

 

 

 

 
Figure 1. The results of cell-free fetal DNA electrophoresis on the amelogenin Y gene. 
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DISCUSSION 

This study aims to detect the presence of cell free fetal DNA 

in the plasma of pregnant women. After DNA extraction in 

maternal plasma, Polymerase Chain Reaction (PCR) was 

performed on 13 STR loci and amelogenin gen for gender 

detection. The use of PCR techniques in amplifying target 

DNA in the forensic field has been reported in various studies 

to have a high success rate. This is because the DNA required 

is relative in very small quantities.13-15  

This study used blood samples of pregnant women 

from four husband and wife volunteers. Plasma for pregnant 

women is extracted to obtain cell free fetal DNA. Meanwhile, 

the DNA of the mother and father was extracted from whole 

blood. In tables 1,2,3 and 4 we can see the fetal amplicon at 

13 STR loci. The discovery of fetal amplicons at STR loci 

indicates that cell free fetal DNA can be found in maternal 

plasma. Length of base pairs of the fetus at STR loci were 

found not equal to the mother, which means the amplicon 

different from the mother. All of the samples at locus 

D13S317 and one sample at locus D5S818 not detected cell 

free fetal cells DNA. This incident may be due to the fact that 

the number of cell free fetal DNA circulating in the mother's 

blood is small, where there is only 1 cell-free fetal DNA in 1 

ml maternal plasma.16 Besides that, the size of the fetal free 

cell DNA is shorter than maternal DNA.17 Failure to identify 

the D13S317 and D5S818 loci can also be caused by 

amplification’s errors or the occurrence of false negatives.on 

the results of the DNA multiplication process. 

This study provides promising results for the use of 

fetal cells DNA in maternal plasma as a noninvasive prenatal 

paternity test specimen at the locus TH01, TPOX, CSF1PO, 

vWA, FGA, D3S1358, D5S818, D7S820, D13S317, 

D16S539, D8S1179, D18S51 and D21S11 and gender 

checking using the amelogenin gene. Research by Agung 

Sosiswan which only used 5 STR loci, vWA, TH01, 

D13S317, D18S51, D21S11 also gave the same results. 17 The 

strength of this research is using 13 STR loci. 

In this study we were to detect the presence of 

cell-free fetal DNA at almost all loci but the possibility of 

maternal DNA contamination remains. Compared to 

conventional postnatal paternity test, the greatest 

challenge of the cell-free fetal DNA method is the 

interference from maternal DNA.18 To obtain results from 

cell free fetal DNA it is very important to consider the 

isolation method used. Several isolation methods that have 

been used are a column-based or magnetic beads DNA 

extraction kit, three enrichment methods based on size 

differences, regions with differential methylation (DMRs), 

and formaldehyde. Column-based DNA extraction method 

is the most widely used method for extracting cell-free 

fetal DNA from maternal plasma because it is easy to do, 

with a relatively high total DNA yield and better 

reproducibility.19,20-24 This study used quick-cfDNA serum 

and plasma kit. This kit is column based. Several studies 

have shown that the Circulating Nucleic Acid  and DSP 

virus kits are superior than the DNA Blood Mini kits. 25-27   

 In Figure 1, we can see the amplicon in the 

amelogenin Y gene in the plasma sample of mother couple 

number 3 with length 305 bp. The peak in the amelogenin 

Y gene indicates the sex of the fetus is male. In this study, 

male sex was found in couple number one and three, while 

female fetuses were found in couple number two and four. 

The sex of the fetus was confirmed after the baby was born 

and matched 100%.  
 

CONCLUSION 

Cell-Free Fetal DNA can be detected in almost STR loci. The 

use of Cell-Free Fetal DNA is a potential non-invasive 

methods in prenatal paternity test. Additionally, the ability of 

the method to evaluate fetus gender has been suggested. 
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