
Open AccessResearch Article

Volume     • Issue 1 • 1000259
J Forensic Res
ISSN: 2157-7145 JFR, an open access journal 

The Applicability of Autosomal Short Tandem Repeats Genotyping for 
Minor Contributor DNA Profiling from Mixed Saliva Samples
Gabriela Repiská1*, Jaroslava Durdiaková2, Natália Kamodyová1 and Gabriel Minárik1,3,4

1Institute of Molecular Biomedicine, Comenius University Faculty of Medicine, Sasinkova 4, Bratislava, Slovakia
2Institute of Physiology, Comenius University in Bratislava Faculty of Medicine, Sasinkova 2, Bratislava, Slovakia
3Department of Molecular Biology, Comenius University in Bratislava Faculty of Natural Sciences, Mlynská dolina, Bratislava, Slovakia
4GENETON Ltd, Cabanova 14, Bratislava, Slovakia 

*Corresponding author: Gabriela Repiská, Institute of Molecular Biomedicine,
Comenius University in Bratislava Faculty of Medicine, Sasinkova 4, 811 08
Bratislava, Slovakia, Tel: +421-2-59357371; Fax: +421-2-59357631; Email:
gabika.repiska@gmail.com

Received October 10, 2014; Accepted December 04, 2014; Published December 
10, 2014

Citation: Repiská G, Durdiaková J, Kamodyová N, Minárik G (2015) The 
Applicability of Autosomal Short Tandem Repeats Genotyping for Minor Contributor 
DNA Profiling from Mixed Saliva Samples. J Forensic Res 6: 259. doi:10.4172/2157-
7145.1000259

Copyright: © 2015 Repiská G, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

Keywords: Forensic science; DNA analysis; Short tandem repeat
profiling; Mixed sample analysis; Sexual crime evidence; Constrained 
kissing; Saliva samples

Introduction
In forensic analysis, specimens from the crime scene are mostly 

represented by two-person mixtures, especially in cases of sexual 
assault investigation [1,2]. The most analysed type of sample mixture 
after sexual assault are male/female DNA mixed samples. This 
mixture is composed of predominantly victim DNA (mostly of female 
origin); the perpetrator’s DNA (mostly of male origin) is in minority 
[3]. If the ratio of the minor contributor DNA is smaller than 1:10, 
it is currently challenging to obtain a conventional autosomal DNA 
profile of the minor contributor, with consequential loss of potentially 
crucial DNA evidence. In such cases, Y-chromosomal short tandem 
repeats (Y-STR) profiling is of great help, because it is possible to 
successfully profile the male Y-STR haplotype that could be used for 
identification of the perpetrator [4,5]. However, Y-STR profiling has 
insufficient discrimination power and is usually not widely used for 
individual identification [6], although a recent study focused on ultra-
high discrimination multiplex DNA typing based on Y-STR profiling 
showed its applicability for personal identification [7]. Satisfactory 
resolution is typical for widely used autosomal STR (a-STR) profiling 
kits. Recently, commercially available a-STR profiling kits have evolved 
and are able to successfully determine DNA profiles from mixtures 
with less than 5% of the minor component [8]. To test if this level of 
minor component identification could be sufficient for use in forensic 
analysis, artificially prepared samples that mimic forensic samples 

are commonly analysed. During acts of sexual violence, constrained 
kissing often occurs and the perpetrator’s saliva is mixed with that of 
the victim. This could be potentially used to identify the perpetrator’s 
DNA profile from the victim’s saliva [9]. Of course, in salivary samples 
the foreign DNA remains detectable only for a limited time because 
of the victim’s continuing salivation (if the victim survived the attack) 
and therefore it is necessary to collect the sample in a relevant time 
after the act. In our previous study, we confirmed that the male DNA 
persisted in a woman’s saliva at detectable levels for at least 60 minutes 
in 67% of samples. Moreover, it was possible to obtain the full Y-STR 
profile even in salivary samples collected 30 minutes after the intensive 
kissing had stopped [10]. The aim of the current study was to test the 
possibility of using salivary samples collected from women at given 
intervals after intense kissing for detection of the minor contributor 

Abstract
Objective: In our previous study focused on Y-chromosome sequence identification and genotyping we revealed 

the possibility of male minor fraction identification and genotyping in mixed salivary samples obtained from females 
60 and 30 minutes after intense kissing. The aim of this study was to test the applicability of an autosomal STR 
(aSTR) profiling kit for male fraction detection and genotyping on salivary samples obtained from females 1 – 60 
minutes after intense kissing.

Methods: The aSTR typing was performed on DNA samples originated from buccal swab and saliva samples 
collected from 12 heterosexual pairs before and after 2 minutes of intense kissing, respectively. The success of 
minor contributor allele identification was quantified as the ratio between Counts of Identified Obligatory Alleles and 
Counts of Potentially Identifiable Obligatory Alleles. For the estimation of proportion of minor contributor DNA the Y/X 
Amelogenin peak height ratio was used.

Results: In samples collected immediately after kissing has stopped the Amelogenin Y/X signal ratio varied 
between 0 and 63%. The ratio was associated with aSTR profiling success as in samples with higher than 7% Y/X 
ratio more than 80% of minor contributor male alleles were identified. In one sample collected 5 minutes after kissing 
expected male signal was detected with Y/X ratio reaching 15% and 77% of obligatory male alleles were identified. In 
comparison of previously and currently utilized methods for minor contributor male DNA detection and identification 
the concordance in their performance was recorded.

Conclusion: We confirmed that in salivary mixtures, female saliva DNA analysis with use of aSTR genotyping 
kit is possible, but with limited effectiveness. The male admixture was detected with aSTR genotyping kit in salivary 
samples collected up to 5 minutes after intense kissing.
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alleles were investigated and counted if detected (principle of selection 
of alleles used for analysis is showed in Figure 1). According to this 
criterion, Counts of Potentially Identifiable Obligatory Alleles (CPIOA, 
based on genotyping of control male and female samples) and Counts 
of Identified Obligatory Alleles (CIOA, based on genotyping of mixed 
salivary samples) were calculated. The success of minor contributor 
allele identification in our samples was quantified as the CIOA/CPIOA 
ratio, which was 100% if all potentially identifiable obligatory alleles 
were found and 0% if no potentially identifiable obligatory alleles were 
found in women´s saliva samples. For the estimation of proportion 
of minor contributor DNA (represented by male DNA), the Y/X 
Amelogenin peak height ratio was used.

Methods and assays comparison

Additionally, comparison of performance of different methods 
and assays used in the current and previous study focused on minor 
contributor male DNA detection in female DNA background was 
performed [10]. For comparison methods based on quantitative PCR, 
Y-STR profiling and a-STR profiling were used. Moreover, different 
assays and ratios represented by assays amplifying SRY and DYS14 
gene sequences in quantitative PCR and Y/X and CIOA/CPIOA ratios 
as parameters in a-STR profiling based calculations were compared. 
Samples were ranked with respect to their performance in  minor 
contributor male DNA quantitation (quantitative PCR and Y/X ratio) or 
STR profiling (Y-STR and a-STR genotypes), when the best performing 

male DNA fraction and a-STR profiling with commercially available 
multiplex PCR a-STR genotyping kit. Moreover, based on current 
results comparison of performance of different methods (quantitative 
PCR or multiplex PCR) and different targets (SRY-gene and DYS-gene 
or Y-STR and a-STR), used in our current and previous study for minor 
contributor proportion estimation or genotyping in male/female mixed 
samples, was performed.

Materials and Methods
Samples

From all participants informed consent was gained before their 
samples collection. The a-STR typing was performed on DNA samples 
originated from the same buccal swab and saliva samples as used in 
our previous study [10]. Briefly, buccal swab and saliva samples were 
collected from 12 heterosexual pairs before and after 2 minutes of 
intense kissing. From men buccal swabs were taken before, and from 
women whole saliva samples were collected, before and at set time 
intervals (1, 5, 10, 30 and 60 minutes) after intense kissing. 

Genotyping
The AmpFlSTR® Identifiler® Plus PCR Amplification Kit was used 

for a-STR profiling according to the manufacturer´s protocol. Capillary 
electrophoresis was performed on an ABI-3130xl Genetic Analyzer. To 
reduce undesired analytical bias introduced by the operator only male 
alleles different from female ones and outside stutter peak areas of female 

A 
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C 

Figure 1: Electropherograms of samples amplification with highlighted alleles which have been used for analysis (represented by +) and which were excluded 
from analysis (represented by x). Picture represent samples in order – A) male control sample, B) female saliva sample collected in 1 minute after intense 
kissing, C) female control sample.
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sample with highest amount of male DNA, highest number of correctly 
identified alleles or highest ratios  was assigned with 1 and the worst 
performing sample was assigned with 12. 

Results
STR genotyping of mixed samples

Even though in control samples all alleles in all 15 tested a-STR 
markers were genotyped only proportion of them fullfill the criteria 
used for reduction of the investigator based bias in their correct 
identification. Therefore in all samples  8 – 15 potentially identifiable 
obligatory alleles (CPIAO) were identified as candidates for use in 
subsequent CIOA/CPIOA calculations. Samples collected within 1 
minute after intense kissing were found to be suitable for a-STR based 
male fraction calculation and a-STR profiling. In these, the Y/X ratio 
varied between 0% and 63% and at least some correct male alleles 
(CIOA) were identified in 11 of 12 samples. The CIOA/CPIOA ratio 
varied from 0% to 100% and it was found to be associated with male 

DNA proportion estimated by the Y/X ratio, where in samples with a 
Y/X ratio higher than 7%, more than 80% of potentially identifiable 
alleles were found (Figure 2). Detailed information about male DNA 
relative quantification, represented by Y/X ratio calculations, and minor 
contributor a-STR profiling success, represented by CIOA/CPIOA ratio, 
in all samples is summarised in Table 1. From all samples collected 5 
minutes after kissing, only in one mixed profile with obligatory male 
alleles was identified (sample C). The Y/X ratio of this sample reached 
15% and CIOA/CPIOA ratio was 77%. In samples collected 10, 30 and 
60 minutes after kissing no Y-chromosomal signal and none of the 
potentially identifiable obligatory alleles were identified.

Methods and assays comparison

After the comparison of results between our previously published 
[10] and currently presented study, we have recorded consistent 
performance of different methods for the analysis of male/female 
mixtures. Summarized data from the comparison are presented in 
Table 2.
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Figure 2: Association between male DNA proportion and successful minor contributor (male) alleles identification presented as relation between Y/X Amelogenin 
peak height ratio and CIOA/CPIOA ratio.

Sample Y/X ratio CIOA* CPIOA† CIOA/CPIOA ratio
A 0.07 9 11 0.82
B 0.36 12 13 0.92
C 0.55 13 13 1.00
D 0.00 2 15 0.13
E 0.07 3 8 0.38
F 0.63 15 15 1.00
G 0.22 10 11 0.91
H 0.32 14 15 0.93
I 0.04 1 10 0.10
J 0.08 8 8 1.00
K 0.03 7 13 0.54
L 0.05 0 11 0.00

Table 1: Results of genotyping of saliva samples taken 1 minute after intense kissing with AmpFlSTR® Identifiler® Plus PCR Amplification Kit. The results are presented 
as Y/X Amelogenin ratio and CIOA/CPIOA ratio, which correspond to the male/female ratio and minor contributor allele detection ratio, respectively. * count of identified 
obligatory alleles; †count of potentially identifiable obligatory alleles.
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Sample SRY* DYS* Y-STR† Y/X ratio‡ CIOA/CPIOA ratio‡

A 6 8 9 8 7
B 5 5 5 3 5
C 2 4 2 2 2
D 7 7 3 12 10
E 4 2 6 7 9
F 1 1 1 1 1
G 8 6 8 5 6
H 3 3 4 4 4
I 12 11 11 10 11
J 10 9 10 6 3
K 11 12 12 11 8
L 9 10 7 9 12

Table 2: Summary of performance of samples with all tested methods and targets from our previously published and current study. Results from individual assays were 
converted to rank where the best performing sample was assigned with 1 and the worst performing with 12. *qPCR-based assays, †AmpFlSTR® Yfiler® PCR Amplification 
Kit-based genotyping, ‡AmpFℓSTR® Identifiler® Plus PCR Amplification Kit-based genotyping.

Discussion
Genetic characterisation of unbalanced mixed stains remains an 

important topic in forensic science where improvement is needed. 
Mixed sample resolution based on Y-STR analysis in male/female 
mixed samples is relatively straightforward but its applicability in direct 
personal identification is limited [7]. In our previous study based on 
Y-chromosome sequence identification and Y-STR profiling we showed 
that salivary samples gained from females could be a useful source of 
forensic evidence in specific cases of sexual assaults in which the victim 
(female) was constrained to kissing by the perpetrator (male) [10]. In 
the current study, we tested if it is possible to utilize a-STR genotyping 
analysis on the same sample set. It is well known that resolution 
of mixed samples after a-STR analysis is one of the main challenges 
which complicate routine and automated analysis of biological traces 
in forensics [11]. The main problems associated with mixtures are: the 
low amount of isolated DNA from forensic traces; inappropriate quality 
of isolated DNA; unknown number of contributors in the sample; 
contributor(s)’ genotype composition; availability of reference samples; 
and proportion of minor contributor DNA [12-16]. In our study, fresh 
salivary or buccal swab samples of known contributors were analysed, 
thus some of the issues mentioned above were not applicable. 

To avoid subjective bias and to minimise the influence of contributor 
genotype composition, the success of analysis was evaluated with use 
of the CIOA/CPIOA ratio. This method for minor contributor DNA 
analysis was chosen because our study was focused on technical 
aspects of utilisation of a-STR profiling for mixed samples genotyping. 
Therefore standard calculations of random match probability of 
identified genotype were not performed. Moreover, these calculations 
will be strongly dependent on DNA profiles of both contributors in DNA 
samples when same criteria as in our study will be used in real samples 
analysis, therefore such calculations based on our sample group will 
not be universally applicable. For relative estimation of proportion of 
minor contributor DNA (in male/female mixtures), the Y/X ratio was 
used. This parameter is accepted as a standard marker for the presence 
of male DNA in mixed samples as well as a parameter representing the 
level of male DNA in male/female mixtures [17]. In our samples, the 
Y/X ratio varied between 0% and 63%, which is in concordance with 
results of estimation of this ratio in pure male DNA samples, where 
it was found to vary between 80% and 136% [18]. After analysing the 
possible association of success of a-STR analysis (represented by CIOA/
CPIOA ratio) and the level of male DNA identified in salivary samples 
(represented by Y/X ratio), we were able to identify the association 
of the Y/X ratio and the outcome of a-STR profiling. It could be seen 

that samples with Y/X ratio higher than 7% resulted in relevant a-STR 
profiling for personal identification in forensics; hence, more than 80% 
of potentially identifiable obligatory alleles could be identified (Table 
1 and Figure 2). However, to confirm this statement more rigorous 
analysis of artificially prepared samples with different a-STR profiling 
kits should be performed in future. Nevertheless, our experimental 
findings are consistent with the results of artificially prepared mixture 
samples with specific PowerPlex® kit-based analysis, where artificially 
prepared mixtures with 5% of minor contributor DNA enabled the 
identification of 52-95% of unique minor contributor alleles [8]. 

When comparing our data with the data of Banaschak et al. [9], 
we were able to confirm previous findings that a-STR profiling assays 
are sensitive enough to identify minor contributor alleles in samples 
collected immediately after the kissing. Moreover, according to our 
results in small proportion of cases the minor contributor male DNA 
can be suitable for a-STR profiling also 5 minutes after kissing. As 
could be expected no minor contributor a-STR alleles were detected 
in samples collected 10, 30 and 60 minutes after intense kissing. The 
continuing salivation of the women diluted the male specimen below 
the detection limit of a-STR profiling method based on multiplex PCR 
and capillary electrophoresis. Therefore, saliva or mouthwash samples 
could be used for standard PCR based a-STR profiling, especially in 
cases when women did not survive the sexual attack or if they survived 
and spat saliva immediately after constrained kissing onto material 
which can conserve DNA for a much longer time. In murder cases 
when (constrained) kissing could be considered and the perpetrator 
manipulated the corpse of victim after the act, saliva or mouthwash 
samples could be used. This is also true if the perpetrator cleaned the 
victim’s body (e.g. area of lips) or crime scene or removed the clothing 
of the victim where the perpetrator specimen can usually be found.

Finally, we performed a comparison of different methods and 
targets used for detection of the presence of male DNA and the 
individual profiling used in our previous and current study. This 
comparison showed that the same samples could be analysed using 
different methods obtaining similar results, but with different levels of 
sensitivity, although few exceptions were recorded (Table 2, samples 
D and E). Using qPCR, it was possible to determine the presence of 
male DNA in the best performing salivary samples up to 10 or 60 
minutes after kissing, depending on the assay (target) used. Using 
Y-STR profiling, the full profile could be identified up to 30 minutes 
after kissing and with a-STR profiling, the sample can be successfully 
genotyped if collected up to 5 minutes after kissing. 
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In conclusion, we showed that salivary samples collected after 
constrained kissing of a living victim have limited applicability for 
perpetrator a-STR profiling and confirmed that our previously and 
currently presented results are in agreement. Routine methods which are 
currently used for a-STR profiling based on standard PCR and capillary 
electrophoresis analysis have reached their sensitivity levels, while 
low levels mixtures remain problematic for comprehensive forensic 
analysis. But new methods of forensic analysis of mixed samples based 
on next generation sequencing, which are currently in phase of testing 
and implementation, will significantly improve sensitivity without loss 
of specificity of analysis [19,20]. This could lead to redefining of many 
analytical criteria for the successful identification of the perpetrator’s 
DNA profile, not strictly based only on STR profiling as SNP or DIP 
analysis could be also applied.
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