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HIGHLIGHTS 

• The evidence in the crime scene that DNA checks can perform has various characteristics  

• FGA and D13S317 are short tandem repeat loci recommended by the FBI in human identification 

• Temperature and storage time affect the quality of DNA in the buccal swab 
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The samples used for forensic DNA analysis in living individuals are 
usually blood and buccal swabs, however blood collection requires an 
invasive method that can cause discomfort, thus a buccal swab can be a 
good choice for individuals examined, especially children. This study 
aimed to determine the effect of temperature and storage time of buccal 
swabs on the quantity of DNA as material for DNA examination in the 
forensic field. This study was a laboratory experimental to determine the 
effect after treatment. Buccal swab samples were 48 and divided into 2 
temperature groups, namely room temperature (RT) and 4℃. The division 
of the temperature groups was also observed with time differences, 
namely 1, 3, 5, 7 days. EDNA extraction used the DNAzol method and 
DNA quantification used a Spectrophotometer. The PCR process was 
carried out with STR primers FGA and D13S317 loci. The visualization 
stage used acrylamide gel and silver staining. 
The results of this study prove that there is an effect of temperature and 
storage time of buccal swab samples. The longer the treatment time, the 
lower the DNA level.With statistical analysis, it is obtained p-value of 
<0.005, it can be concluded that there are significant differences in DNA 
levels at the temperature and storage time treatments of the buccal swab 
sample. The results of DNA visualization at the FGA and D13S317 loci 
using the STR PCR method in this study can still be detected and can be 
used as a reference for examination in forensic cases. 
 This is an open-access article under the CC–BY-SA license.   
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1. INTRODUCTION 
DNA stores all the information about genetics. Polymerase Chain Reaction (PCR) 

technique invention caused quite revolutionary changes in various fields. The results of the 
application of this PCR technique are called DNA fingerprint which is a description of the 
pattern of DNA pieces from each individual; because every individual has different DNA 
fingerprint.1,2,3 DNA fingerprint that is widely used as an individual identity is Short Tandem 
Repeat (STR). STR is an area that does not code in nuclear DNA and consists of 2-7 
nucleotide sequences that are arranged repeatedly. Each STR locus has a polymorphism in 
the form of a difference in the number of repetitions in its partner allele and by using 13-20 
STR loci, a person's identity can be determined.4,5,6 

Any part of human body can be taken as a specimen because every nucleated cell in 
a person's body has identical DNA sequences, wherein a child receives essentially the same 
amount of genetic material from his/her biological mother and father (Mendel's law of 
inheritance).7,8 So far, specimens (samples) that are widely used in DNA testing to identify are 
blood/blood spots, sperm spots, vaginal swabs, buccal swabs.9,10 In general, the main choice 
used for DNA testing is blood. Blood specimens can be obtained from venous, arterial or 
capillary blood but this procedure requires an invasive procedure that can be uncomfortable 
for the individuals examined, and is impractical if used for large sampling.11 

A buccal swab examination can be a good and convenient option for individuals 
examined, especially toddlers or children. Besides, samples from buccal swabs are more 
economical, practical, and easier to ship because they can be spared from the risk of tube 
rupture that can occur in delivery with blood specimens, but there are no specific standards 
regarding how long the temperature and storage time of buccal swab samples for DNA 
delivery so as to produce genomic DNA of good quality and an adequate amount for DNA 
examination. Hence this research on the effect of temperature and storage time of the buccal 
swab samples on the quality of DNA is the first step that will be used as a reference for future 
studies. This study aimed to obtain the optimal temperature and storage time and to produce 
good quality genomic DNA in sufficient quantities so that it can be used for STR PCR 
analysis.12,13 

 

2. MATERIAL AND METHOD 
Research design 
This study was a laboratory experimental, which is a method used to determine the effect after 
treatment in a study. 
 
Research population and sample  

The sample of this study is the DNA of male or female volunteers. The volunteers have 
previously filled out the Inform Consent form. Sample analysis was carried out at the Human 
Genetic Laboratory of the Institute for Tropical Diseases, Universitas Airlangga. This study 
used 48 samples of buccal swabs and divided into 4 groups of storage time with 12 samples 
each, namely 1, 3, 5, 7 days. Each storage time group has 2 temperature categories, namely 
6 samples for room temperature and 6 samples for temperature of 4℃. The research sample 
is the DNA of male or female volunteers. The volunteers have previously asked for approval 
to take buccal swabs as materials for research purposes at the Human Genetic Laboratory of 
the Institute for Tropical Diseases, Universitas Airlangga. 

 
Research materials and tools  

DNA isolation from buccal swabs using an organic method, namely DNAzol.14,15 The 
extracted DNA would be quantified using a UV spectrophotometer16,17,18 In the PCR process 
using STR primers with FGA (5'-GGCTGCAGGGCATAACATTA-3 'and 5'-
ATTCTACGATTTGCGCTTCAGGA-3'), D13S317 (5'-
ATTACAGAAGTCTGGGGATGTGGAGGA-3 'and 5'-GGCAGCCCAAAAGACAGA-3') loci.2,19 
DNA amplification via PCR was carried out with the following protocol: FGA (Gene Ampr. PCR 
System 9700 Thermal Cycler, Promega Corp. 2001): initial denaturation; 96℃ for 2 minutes, 



 

THE EFFECT OF TEMPERATURE Indah Nuraini Masjkur 

 

194 

denaturation; 90℃ for 1 minute, Annealing; 60℃ for 1 minute, Extension; 70℃ for 30 seconds; 
cycle 25 times. D13S317(Gene Ampr. PCR System 9700 Thermal Cycler, Promega Corp. 
2001): Initial denaturation; 96℃ for 1 minute, Denaturation; 94℃ for 30 seconds, Annealing; 
60℃for 30 seconds, Extension; 70℃ for 45 seconds; 30 times cycle, final extension 60℃ for 
30 seconds. Electrophoresis in this stage was using Polyacrylamid Gel Electrophoresis with 
silver staining.20,21 
 

3. RESULTS AND DISCUSSION 
 

The results of the mean measurement of DNA levels using a UV-Visible 
Spectrophotometer for the research samples from the buccal swabs are as follows 

 
Table 1. The results of mean DNA levels isolated from buccal swab samples 

Treatment Mean DNA levels (ng/ul) 

Room temperature 
(RT) 

1 day 1966.416667 

3 days 1773.333333 

5 days 1519 

7 days 1455.416667 

Temperature 4℃ 1 day 2996.583333 

3 days 2307.666667 

5 days 1969.333333 

7 days 1593.083333 

 
Table 1, it is shown a tendency of decreasing DNA levels from buccal swab samples that have 
been through treatment time of 1, 3, 5, 7 days at room temperature and 4℃. The decrease in 
DNA levels in this study indicate an effect on the length of treatment time, resulting in damage 
to the DNA structure. DNA damage caused by abnormal exposures, is caused by the 
irreversible breakdown of DNA hydrogen bonds. This condition results in damage to the purine 
- pyrimidine pair in DNA, where this purine - pyrimidine pair is the main component in the DNA 
structure. Another factor is the condition of the old sample and the presence of protein 
associations, such as (mentioned in) the study conducted by Hansen.22 However, with this 
decrease in levels, the remaining DNA levels still allow for DNA profiling, which is at least 50 
ng. In principle, the minimum level of DNA that can be used in DNA analysis depends on the 
need and the type of examination being performed. In this study, the DNA levels obtained 
from the buccal swab samples ranged from 1519-2996 ng/ul, so that it was still possible to 
carry out DNA analysis tests as was done by Fattorini.18 
 

 
Figure 1. The results of the FGA locus (322 - 444 bp) STR amplification in sample A 

 
 
 

500 bp 

100 bp 

Information : 

 

A1: sample day 1 at 4 ℃ temperature 

A2: sample day 3 at 4 ℃ temperature 

A3: sample day 5 at 4 ℃ temperature 

A4: sample day 7 at 4 ℃ temperature 

A5: Sample day 1 at room temperature 

A6: Sample day 3 day at room 

temperature  

A7: Sample day 5 day at room 

temperature 

A8: Sample day 7 at room temperature 

M: 100 bp marker 

K: DNA control  

 

 

 A1         A2         A3        A4        A5         A6         M        A7         A8          K 
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4.  

 
Figure 2. The result of the D13S317 locus (169-201 bp) STR amplification in sample B 

 
The complete results of the detection of FGA and D13S317 loci on the buccal swabs DNA as 
an effect of temperature and storage time can be seen in the table 2. 

 
Table 2. The results of detection of buccal swab DNA by STR PCR examination of the FGA 

and D13S317 loci 

Treatment 
FGA D13S317 

Detected Undetected Detected Undetected 

Room temperature 1 day 6 0 6 0 

3 days 6 0 6 0 

5 days 6 0 6 0 

7 days 6 0 6 0 

Temperature 4 ℃ 1 day 6 0 6 0 

3 days 6 0 6 0 

5 days 6 0 6 0 

7 days 6 0 6 0 

 
The results of examining the effect of temperature and storage time on buccal swabs 

DNA in the FGA and D13S317 loci using the STR PCR method can be seen in Table 2. In all 
samples in this study, all are detectable. The visualization of PCR results using polyacrylamide 
gel in Figure 1 shows that all samples are detected in all treatments on the FGA locus (range 
between 322 - 444 bp) and in Figure 2 on the D13S317 locus (range between 169 - 201 bp). 
These results are in line with the research conducted by Manamperi et al that the D13S317 
locus has a high polymorphic level based on the Patternity Index, Power of Discrimination, 
and Matching Probability.23 

 
CONCLUSION 

 Analysis of DNA identification in this study concluded that there is an effect of 
temperature and storage time of the buccal swabs on DNA levels. The longer the treatment 
time, the lower the DNA level is. This can be seen in the results of Kruskal Wallis analysis 
which obtain a p-value of 0.001 (p <0.05). The effect of temperature and storage time of buccal 
swabs is not too disturbing to the DNA at the FGA and D13S317 loci with the STR PCR 
method. For further research, it is necessary to carry out PCR amplification of the buccal swab 
DNA at another STR locus and continue with a longer time so that it can be further utilized 
more widely in the field of forensic identification. 
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B1: sample day 1 at 4 ℃ 
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