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Abstract Y-short tandem repeat (Y-STR) typing is very beneficial for identifying 

offenders in cases of sexual assault. Even though vaginal swabs from female 

victims are routinely taken for DNA analysis, penile penetration does not occur in 

every case. Therefore, in such cases the victim’s lower undergarment is also 

obtained, along with vaginal and/or anal swabs. In accordance with each country’s 

statutory guidelines, the positive legal prescription for sexual offences is rather 

extensive. So, cases that have occurred prior to DNA analysis being applied 

routinely may now be typed for Y-STR, even after the specimens have been frozen 

for so long. The aim of this study was to investigate the quality and quantity of 

Y-STRs that we derived from fluids extracted from sperm-negative specimens.

Twenty-eight frozen stain-extracted-fluids from lower undergarments samples

were available. Their Y-STR profiles were amplified, and typed, using commercial

Y-STR kits. The results demonstrated that 35.7% of stain-extracted-fluids on

lower undergarments that had been stored in -20°C for 16-53 months showed

complete typing of Y-STRs, with an average DNA peak height of each sample

occurring within a range of 90.60 - 2,905.92 RFUs. Nor was there a significant

difference in the number of loci and average DNA peak height found among the

samples kept frozen from < 36 months, as compared to those of > 36 months.

The results of this study support our assertion that even extremely long-term

preservation of extracted fluids at -20 °C can maintain high-quality and quantity

Y-STR segments.
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INTRODUCTION 

DNA typing for individual identification is based on the amplification of the unique 

region of DNA strands known as short-tandem repeats (STRs). These regions can be found 

on both autosomal and sex chromosomes. Y-STRs, which are found in the DNA of male sex 

chromosomes, have been widely used as a crucial step in forensic investigations since 1990 

(Roewer and Epplen, 1992). It is a male-specific marker that is most beneficial in the DNA 

identification of males when confronted with a mixed sample including predominantly 

female DNA (Shewale et al., 2003; Roewer, 2009; Kayser, 2017), such as can be found in 

vaginal swabs from rape cases. Y-STRs are useful in many investigations of other alleged 

crimes as well, not just in sexual assault cases. They can be used in the identification of 

missing persons, and in the discrimination of paternal kinship. (Ambers et al., 2018; Kumar 

et al., 2018; Roewer, 2019). 

Sexual assault investigations often find Y-STRs upon analyzing a child’s lower 

undergarments and genital-region swabs since they are present not only in spermatozoa, 

but in immature germ cells, leukocytes, and epithelial cells (Fedder, 1996). Therefore,  

Y-STRs are of great value in proving whether male sexual contact has happened. Another 

key factor is that there are many cases involving the sexual abuse of children in which the 

offenders do not achieve penile penetration. Yet with an effective method for collecting  

Y-STRs from these other kinds of cells, it does not matter whether penile penetration has 

occurred, or whether ejaculate is present, or whether the specimen contains spermatazoa 

(Delfin et al, 2005; Sween et al., 2005; McDonald et al., 2015; Owers et al., 2018; Tozzo 

et al., 2018).  

It is true that complete DNA profiles of STRs are more effective than partial profiles 

in offender identification, since insufficient numbers of STRs can lead to false positive 

identification (Martin et al., 2001); yet the practical limitations of forensic practice make 

the retrieval of specimens with incomplete Y-STRs unavoidable. It has been proved that 

the quality of DNA in seminal stains is sufficient for inclusion in use as forensic evidence 

even years after the incident has occurred (Nakanishi et al., 2014; Hady et al., 2021). 

However, not all evidentiary undergarments or swabs are well-enough preserved before 

reaching the laboratory; and some are even delayed before being submitted. Moreover, 

some specimens are inadequately harvested, and even others are contaminated with 

polymerase chain reaction (PCR) inhibitor (Putkonen et al., 1996). Some specimens for 

analysis are not fresh, but rather are presented as extracted fluids which have been stored 

in a frozen state. This usually occurs when more strategic and effective technology emerges 

years after the incident being investigated has occurred, or when new corroborating 

evidence is sought, or when a DNA data bank has a substantial number of samples for 

comparison (Clark, 2018; Strokes, 2019). 

Previous researchers have demonstrated that environments possessing optimal 

levels of humidity and temperature, as needed for biological preservation, also accelerate 

the growth of microorganisms in biological evidence which can result in DNA degradation. 

In the case of specimens used for DNA analysis, it has been suggested that storage at 4° 

C, or −20°C, will decrease the growth of microorganisms and minimize DNA degradation 

(Caputo et al., 2011). To the knowledge of the authors, a properly defined period of 

freezing of bodily fluids extracted from stains for Y-STR typing has never been reported. 

The aim of this study is to investigate the quality and quantity of Y-STRs in bodily 

fluids extracted from stains that have been frozen and stored long-term at -20°C. 

MATERIAL AND METHODS 

Samples 
The samples in this study were composed of fluid extracted from stains on the lower 

undergarments worn by victims of sexual assault. All the samples were frozen within the 5 

years previous to the study’s inception. The only specimens included for analysis were 

those that had detectable Y-STRs, yet under microscopic examination yielded negative 

results for sperm. The DNA analysis of the specimens was done under the ethical auspices 
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of the Research Ethics Committee of the Faculty of Medicine, Chiang Mai University 

(Research ID: 5823 / Study code: FOR-2561-05823).  

DNA extraction 
After removing the extracted frozen fluid from the -20°C conditions under which it 

had been stored, it was left to defrost at room temperature. Next, it was centrifuged in 

order to collect cell pellets. Then the DNA was extracted using a Qiagen® QIAamp DNA 

Investigator kit (Qiagen, Germany) in keeping with the manufacturer’s instructions. The 

cell pellets were incubated at 56°C for 60 minutes, with buffer ATL, proteinase K, and 

dithiothreitol (DTT). After centrifugation, the supernatant was mixed with buffer ALT, and 

absolute ethanol, and transferred in the QIAamp MinElute column. Then the column was 

centrifuged, and buffer AW1 was added into the column. Next, absolute ethanol was put 

into the column to dry the membrane. Finally, the DNA was eluted by adding sterile distilled 

water and subjecting the mixture to further centrifugation. The DNA template was kept at 

-20°C throughout the experiments.    

DNA amplification and typing 
Then, DNA amplification was accomplished by mixing template DNA with the master 

mix, which consists of deoxynucleotide (dNTP) solution mix, MgCl2, bovine serum albumin, 

primer mix, and multi Taq2 DNA polymerase. Typing of Y-STRs was performed using  

the commercial Investigator Argus Y- 12 QS (Qiagen, Germany). The DNA templates for  

Y-STRs were amplified 28 cycles using a specific primer and an automated thermal cycler 

(Applied Biosystems, CA, USA) as specified by the manufacturer’s instructions.  

The amplified product was typed with an ABI Prism 3130 Genetic Analyzer (Applied 

Biosystems, CA, USA). The Y-STR profile was analyzed using the Gene-Mapper™ ID 

Software (v3.2) program. 

In order to ascertain the quantity of the DNA template, the average peak height was 

theoretically defined for all Y-STR loci. It was calculated by dividing the sum of the heights 

of the observed peaks in both homozygous and heterozygous Y-STRs, by the number of 

observed peaks (Debernardi et al., 2011). The peak heights in the electropherogram are 

directly proportional to the amount of DNA template in the sample (Timken et al., 2014). 

Statistical analysis 
The data was summarized using descriptive statistics. The Man-Whitney U test was 

used to compare the number of loci and the average DNA peak height between the 2 groups 

with different freezing periods (less than or equal to 36 months vs. more than 36 months). 

All statistical analysis was performed using SPSS 18. A significance level of 0.05 was 

prescribed for use in this study.  

RESULTS 

There were 28 samples that met the criteria for the 5-year timeframe. The period  

of freezing for all samples were between 16-53 months, with the median at 44 months, 

and the mode at 45 months. Complete Y-STR profiles possessing all 11 loci were found in 

10 samples (35.7%). Frozen period of this group ranged from 23 to 53 months. For the 

samples with partial profiles, in which less than 11 loci were detected, 13 (72.2%) 

contained more than 5 loci. The frequency of samples by number of loci is shown in  

Figure 1.  
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Figure 1. The number of samples possessed complete (11 loci) and partial STR 

profiles (1-10 loci).  

The average peak height of Y-STR occurrence was between 90.60 to 2,905.92 RFUs. 

The SD, median, and mean were found at 671.50, 150.03, and 431.09 RFUs, respectively. 

Scatter plots of the average peak height of Y-STR in different freezing periods appear  
in Figure 2. 

 

Figure 2.  Average peak height of Y-STR vs. different freezing periods. 

A limited number of samples did not adequately fit the criteria for statistical analysis 

and led us to divide the freezing period data into 2 groups. Group 1, which had a freezing 

period < 36 months, included 9 samples. Group 2, whose freezing period was > 36 months, 

had more than enough available data, with 19 samples. 

Of the samples that had complete Y-STR profiles, there were 3 out of 9 samples 

(33.3%) in group 1, and 7 out of 19 samples (36.8%) in group 2. Among the samples with 

partial Y-STR profiles that contained more than 5 loci, there were 4 out of 6 samples 

(66.7%) in group 1, and 9 out of 12 samples (75.0%) in group 2. 

Descriptive statistics for the number of Y-STR loci and the average DNA peak height 

are in Table 1. Statistical analysis shows no significant difference in the number of loci and 

average peak height of Y-STR between the samples kept in -20°C for < 36 months, and 

those kept for > 36 months (P =0.612 and 0.476, respectively). 
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Table 1.  Descriptive statistics of number of loci and average peak height of Y-STR. 

 Number of STR loci  Average peak height (RFUs) 

< 36 m > 36 m  < 36 m > 36 m 

Min. 2.00 4.00  94.67 90.60 

Max. 11.00 11.00  2,275.86 2,905.92 

Mean 7.33 8.00  451.70 421.33 

SD 3.24 2.58  721.24 666.97 

Median 7.00 7.00  132.75 159.15 

IQR 6.00 5.00  419.69 207.86 

Note: RFUs= relative fluorescence units; min = minimum; max = maximum; SD = standard deviation, IQR = interquartile range 

DISCUSSION  

This study showed that a high yield of Y-STRs could be retrieved from the frozen 

extracted fluid present in stains on lower undergarments used as supportive forensic 

evidence of sexual contact, even though the specimen had been stored in -20 °C for long 

and has been subjected to the aforementioned DNA extraction protocols. 

While there exist some studies that have reported substantial reduction of DNA in 

specimens stored in -20°C (Lee et al., 2010; Romanazzi et al., 2015), the result of this 

study demonstrates a high yield of Y-STR fractions can be extracted to support evidence  

of DNA transfer in male sexual-contact cases, in spite of the stain-extracts being stored  

at -20°C for more than 36 months. We found that the average peak height of RFU levels 

from Y-STR does not differ between samples stored at - 20°C for < 36 months, and for 

samples stored at > 36 months. The conclusions of the 2021 study by Hady et al. support 

this current study. Hady et al. found no significant reduction of DNA concentration in 

seminal stains on the cotton fabrics which were stored at -20°C. (Hady et al., 2021). 

 Moreover, it was found in this study that almost 37% of the samples presented a 

complete profile, even though they were stored in a frozen condition for more than 36 

months. Furthermore, 75% of the samples with partial profiles contained Y-STRs at more 

than 5 loci. These findings reveal a significant opportunity in forensics since re-examining 

cases that occurred before the era of routine DNA investigation can now potentially provide 

fresh evidence of illicit male sexual contact. 

In 2005, Delfin et al., reported the analysis of vaginal and anal swabs from sexually 

abused children within 72 hours after the incidents had occurred. They found that only 

partial profiles were demonstrated in those specimens (Delfin et al., 2005). Even though 

the samples of this study were kept for years, it was found that 35.7% of Y-STR analysis 

on the stains from lower undergarments provided complete profiles, and 72.2% of those 

with partial profiles provided more than 5 loci. This revealed the advantage to gain more 

evidence of male DNA on victim’s lower undergarment over vaginal and anal swabs. This 

is not surprising since even though many of the offenders did not achieve penile penetration 

of their victim’s vagina or anus, penile skin cells and/or epithelial cells can be deposited on 

lower undergarments in a way that endures over time. This encourages the supposition 

that lower undergarments worn by victims should be collected, especially in child sexual 

abuse cases, and Y-STR can be an effective and useful forensic tool.  

DNA on clothes has been proved to be useful in identification of the contact 

individuals, especially of the offenders, in sexual assault cases.  (Kumar et al., 2018; Ruan 

et al., 2018). However, the type of fabric also plays an important role in reducing DNA 

quantity in stains on the clothes (Brayley-Morris et al., 2015). Sethi et al., in 2013, reported 

that touch DNA on cotton, polyester, and polyester-blend fabrics was quantitatively 

insufficient (Sethi et al., 2013). This could be an explanation for the low Y-STR peak 

heights, and for the fewer numbers of loci found in the extracts from some lower 

undergarments in this study.  

Although the number of samples available in our study were somewhat limited 

because of the time-period, our results are good enough to instill confidence in using  
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Y-STR analysis as a valid tool for determining male sexual contact from frozen bodily fluid 

extracts that have been kept in storage for many years. We suggest further analysis of the 

quality and quantity of Y-STRs in other types of forensic investigation (for example, on 

samples from blood-soaked weapons used during bodily assaults on female victims) will 

expand the usefulness of Y-STRs in forensic practice. 

 
CONCLUSION 

In summary, this study was undertaken in order to investigate the yield of Y-STR 

fractions in the fluid extracted from the stains on lower undergarments submitted for 

seminal investigation and stored in -20°C for 16 to 53 months. The results demonstrate 

substantial Y-STR fractions, both in terms of the locus number and the DNA peak height, 

which are enough to be counted as evidence of male sexual contact in most of the 

specimens, even though they were stored for more than 36 months.   
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