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Abstract
BACKGROUND: Nias is an island located off the western coast of Sumatra, Indonesia. Nias is situated above the 
Eurasian and Indo-Australian subduction zone plates. This makes it prone to earthquakes and tsunamis. Genetic 
analysis and genetic variation of short tandem repeats (STR) locus are not widely known. These data are valuable 
for individual identification and paternity testing.

METHODS: Seven STR loci (TPOX, CSF1PO, D3S1358, D8S1179, vWA, D5S818, and TH01) were analyzed 
using 25 healthy and unrelated persons Nias population. Allele frequency, power of discrimination (PD), expected 
heterozygosity, and probability of exclusion (PE) were calculated.

RESULTS: We found 40 alleles. The allele with highest frequency was alleles 9 at the TH01 loci. While the lowest 
frequency were allele 9 at the CSF1PO loci, allele 12 at the TPOX loci, alleles 17 and 18 at the D8S1179 loci, and 
alleles 16 and 20 at the vWA loci. The highest Expected Heterozygosity, PD, and PE at the D8S1179 loci. The highest 
number of alleles is also at D8S1179 loci. All loci followed the Hardy–Weinberg equilibrium (p > 0.05). The PD values 
for all tested loci ranged from 80.6 to 94.5%.

CONCLUSION: We report the allele frequencies and forensic statistical parameters of seven STR loci (TPOX, 
CSF1PO, D3S1358, D8S1179, vWA, D5S818, and TH01) in the Nias population, which can be used as a forensic 
database reference for Nias populations.
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Introduction

Microsatellites are a group of molecular 
markers used for several purposes, including 
forensic identification, human evolution, and kinship 
testing [1]. Microsatellites are DNA sequences with 
varying numbers of short tandem repeats (STR), with 
repeat units ranging from 2 to 7 bp in length [2], [3]. 
Microsatellites have been found throughout the genome 
on all chromosomes. Most microsatellite loci are very 
small, ranging from a few to a few hundred repeats, and 
their small size is required for PCR-assisted genotyping. 
Microsatellites with a higher number of repeats are 
more polymorphic [4], [5], [6]. The number of repeats at 
STR loci can vary between individuals.

At each STR locus, there is a statistical 
likelihood that an individual will have a certain number 
of repeats [7]. An extensive database known as the 
combined DNA index system (CODIS) has been set up 
to process the results of each analysis [8]. The seven 
loci used in this study are part of the CODIS STR locus.

The Indonesian population consists of various 
ethnicities and races. The hypervariable locus in many 

populations has not been well established in Indonesia. 
Nias is one of the ethnic populations of North Sumatra 
province in Indonesia. According to the 2020 census, the 
population of Nias had reached 146.672 [9]. Research 
conducted by Van Oven et al. found that the human 
population of Nias Island in Indonesia exhibits severely 
reduced Y chromosome (a non-recombining portion 
of the Y chromosome [NRY]) and to a lesser extent 
also reduced mitochondrial DNA (mtDNA) diversity as 
compared with most other populations from the Asia/
Oceania region [10]. There have not been many studies 
on genetic variation at the STR locus of the Nias tribe. 
Therefore, this study shows the allele frequency and 
forensic parameters of the Nias tribe that can be used 
as a reference for forensic identification and population 
genetics studies.

Methods

Twenty-five unrelated persons are selected 
randomly; the sample is a three-generation Nias tribe. 
Five milliliters of venous blood were taken from the 
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participant and then put into the EDTA tube. The blood 
samples were transported to our laboratory at 4°C and 
stored at−20°C.

To evaluate the performance of the 7 STR 
loci, we analyze TPOX, CSF1PO, D3S1358, D8S1179, 
vWA, D5S818, and TH01 STR loci in 25 unrelated Nias 
populations. Peripheral blood samples were collected 
from these individuals after acquiring their informed 
consent. Amplification of 7 loci was performed using 
GlobalFiler™ Express kit (Thermo Fisher Scientific 
Company, Carlsbad, USA) in the GeneAmp PCR 
System 9700 (Thermo Fisher Scientific Company) 
according to the manufacturer’s recommendation. PCR 
products were separated by capillary electrophoresis in 
an ABI PRISM 3500 genetic analyzer (Thermo Fisher 
Scientific Company). The GeneMapper® ID-X software 
v1.4 (Thermo Fisher Scientific Company) was used for 
genotype assignment [11], [12].

The allele frequencies were calculated based 
on genotype counts. The exact tests of Hardy-Weinberg 
equilibrium were performed using EasyDNA software 
(https://saasweb.hku.hk/EasyDNA/) [13]. Expected 
heterozygosity (He), power of discrimination (PD), and 
probability of exclusion (PE) were also calculated.

This study was conducted by the Ethics 
Committee of the Faculty of Medicine, Universitas 
Andalas (No.389/UN.16.2/KEP-FK/2021, date 
29.06.2021).

Results

The results showed that there were 40 alleles. 
At the CSF1PO loci, there were 5 alleles, the highest 
frequency is allele 10 (0.36). At the TPOX loci, there 
were 4 alleles, the highest frequency was allele 
8 (0.48). 

Figure 1: Distribution allele of the CSF1PO loci

The THO1 loci has 7 alleles, with the highest 
frequency is alleles 9 (0.52). The D3S1358 loci had 
4 alleles, the highest frequencies is alleles 16 (0.48). 
The vWA loci had 7 alleles, the highest frequency is 
allele 18 (0.46), and the D5S818 loci had 4 alleles 

with the highest frequencies is alleles 10 and 11 (0.32)  
(Figures 1-7).

Figure 3: Distribution allele of the TH01 loci

Discussion

There were 40 alleles found at the seven loci used 
in this study. The allele with the highest frequency was 
allele 9 at the TH01 loci. The allele with a high frequency 
indicates that the allele is a common allele found in the 
Nias population. While the lowest frequency was allele 9 
at the CSF1PO loci, allele 12 at the TPOX loci, alleles 17 
and 18 at the D8S1179 loci and allele 16 and 20 at the 
vWA loci The highest number of alleles at the D8S1179 
loci was 9 alleles. The lowest number of alleles was seen 
at the TPOX, D5S818, and D3S1358 loci.

Figure 2: Distribution allele of the TPOX loci

Figure 4: Distribution allele of the D8S1179 loci
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Forensic statistical parameters of 7 autosomal 
STR loci are shown in Table 1. Expected heterozygosity 
ranged from 0.642 (TPOX) to 0.82 (D8S1179). 

Conclusion

This study found 40 different alleles from 7 STR 
loci. Allele 9 at the CSF1PO loci, allele 12 at the TPOX 
loci, alleles 17 and 18 at the D8S1179 loci, allele 20 
at the vWA loci, and allele 11 at the D8S1179 loci had 
the lowest allele frequencies, while allele 9 at the TH01 
loci had the highest allele frequencies. The D8S1179 
loci had the highest number of alleles. The loci with 
the highest heterozygosity were D8S1179, while the 
locus with the lowest heterozygosity was TPOX. The 
expected heterozygosity of the 7 STR loci ranged from 
64.2% to 82%. The PD for all tested loci ranged from 
80.6 to 94.5%. Based on statistical parameters, 7 STR 
loci in this study can be used for forensic database 
reference of Nias populations.
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Figure 5: Distribution allele of the D3S1358 loci

Figure 7: Distribution allele of the D5S818 loci

According to Butler, the power of exclusion (PE) can 
be calculated to demonstrate how unusual it is to find a 
random man who cannot be excluded as the biological 
father of the child. The PE ranged from 0.346 (TPOX) to 
0.65 (D8S1179). The PD for all tested loci ranged from 
84.8 to 94.5%. This indicates that these loci can be used 
to develop a DNA database for the Nias population.

Figure 6: Distribution allele of the vWA loci

The results showed that D8S1179 loci had 
the highest heterozygosity, power discrimination, and 
PE from other loci in this study. The highest number 
of alleles was also found at the D8S1179 loci. The 
good indicators of the genetic polymorphism within the 
sample are verified by the number of alleles and the 
expected heterozygosity in the Nias population. The 
more number alleles, the higher the value of expected 
heterozygosity and PD means that the locus is suitable 
for forensic identification [14].

Table 1: Expected heterozygosity, power of discrimination, 
probability of exclusion, P value for Hardy–Weinberg 
equilibrium of TPOX, CSF1PO, D3S1358, D8S1179, VWA, 
D5S818, and TH01 loci in Nias population
Loci He PD PE p value for HWE
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D5S818 0.702 0.851 0.432 0.918
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vWA 0.715 0.884 0.477 0.685
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