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Abstract: Background: Identification of sexual assault samples is of great importance in the sexual crimes forensic studies. Currently 
employed routine methods are insufficient. Advances in mRNA markers have been developing and with increasing evidence for the 
tissue-specificity of microRNAs; short length of 18–23 bp, which overcome the degradation properties of mRNA. Aim of the work: to 
investigate the impact of mixing semen and vaginal stains on the expression of miR891a and miR124a as biomarkers in dried forensic 
stains. Methods:MiR-891a and miR-124a expression levels were measured in semen, vaginal fluid stains as well as their mixture using a 
quantitative Real- time PCR technique.RUN6b was used as an internal reference gene for normalization of targets gene, the sensitivity 
and detection capability were evaluated. Results:The expression level of miR891a was significantly high in dried semen, although it was 
undetectable in dried vaginal stains; the same results were detected for miR124a in dried vaginal stains. Both miRNAs targets were 
detected in dried mixed semen/ vaginal stains with high sensitivity. Conclusions: mixture of semen and vaginal stains doesn’t alter 
miRNAs expression levels with good stability over six month’s duration. 
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1. Introduction 
 
Sexual assault on women and children are some of the 
most heinous crimes against Mankind. In scenes of sexual 
assault crimes, biological evidence such as blood, hair, 
saliva, semen, vaginal swabs and other body fluid stains 
are of crucial importance and should be collected 
[1].Several RNA markers and tDMRs (tissue-specific 
differentially methylated regions) which are specific to 
forensically relevant body fluids have been identified and 
their specificities and sensitivities have been tested using 
various samples [2, 3]. 
 
Recently, micro-RNA markers have started to be explored 
as an alternative tool for forensic body fluid identification 
[4]. They are non-coding RNA molecules of 18 to 22 
nucleotides in length, and regulate gene expression at the 
post-transcriptional level by binding to the 3′ untranslated 
regions (3′UTR) of their target mRNAs [5].The miRNAs 
participate  in a variety of regulatory pathways , including 
cell proliferation, apoptosis, haematopoiesis and so on [6, 
7]. Hanson’s [8] proved the ability of miRNAs to be less 
degraded by environmental factors due to their small size 
thus offering advantages as ideal molecular marker for 
body fluid identification.Some reviewers have been 
published into the identification ofbody fluids using 
miRNAs; they reported that miRNAs showed tissue 
specific expression patterns [9, 10]. Several studies have 
demonstrated that many miRNAs showed tissue-specific 
expression patterns [9]. Moreover, the intrinsically small 
size of miRNAs makes them less prone to degradation by 
environmental factors, thus offering an obvious advantage 
as a useful biomarker for body fluid identification [8].This 
particular feature solves problems in old forensic samples 
identification [11, 12].The study was performed to 
evaluate theeffect of mix of semen and vaginal swab 

stains on the expression of miRNAs (miR891a, miR124a) 
versus non- mixed semen miRNAs in old semen, vaginal 
stains as well as their mix. 
 
2. Materials and Methods 

 
 Micro-RNA Selection 
Referred to the high specificity and relative stability of 
miRNAs as molecular biomarkers used for identification 
of body fluid samples, the following markers were 
selected: miRNA-891a (semen), miRNA-124a (vaginal 
secretion) [8] and both for semen- vaginal stains mix. 
RNU6b was selected as reference gene (RG) for 
normalization of expression of miRNA891a and 
miRNA124a for all samples. The selection was based on 
the study of Saur and his collagenous at 2014 [13] who 
reported that RNU6-2 was one of the most stable 
endogenous reference genes used for normalization of 
qPCR in forensic samples [13]. 
 
 Samples collection and preparation 
After obtaining the approval from ethical committee for 
this work, informed consents were obtained from 20 
unrelated male volunteers and 20 females with matched 
ages (25 – 55 years) to participate in the current study. 
Semen samples were collected by ejaculation in 50 ml 
falcon tubes considering that (sperm count > 
100,000/HPF, with at least 40% motility). Vaginal swabs 
were collected with sterile cotton swabs. Semen and 
vaginal swab samples were used to create 20 semen, 
vaginal and semen/vaginal mix; stains according to the 
forensic operational processes. The 2ul liquefied semen; 
was smeared on sterile gauze, natural dried and at 25ºc. 
The same condition was applied to vaginal fluid stains as 
well as semen/vaginal fluid mix. Stains were stored at 20º-
25ºc under dry and dark conditions. for one day, seven 
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days, fourteen days, one months, three months and six 
months. RNA was extracted from all semen, vaginal stains 
as well as their mix with miRNeasy human cell/tissues Kit 
for forensic specimens” (Qiagen, Hilden, Germany), 
according to manufacturer’s instructions. The extracted 
RNA was quantified by NanoDrop ND-1000 
spectrophotometer (Thermo Scientific, Wilmington, DE, 

USA), then the purified RNA sample was collected in a 
sterile RNA free 0.2 Eppendorf and stored at -80°C till 
preparation of cDNA. The primer sequences of the target 
genes miR891, miR124a, reference gene RNU6b (miScript 

primer assay kit) and the real- time quantitative PCR kit 
(miScript SYBR Green PCR kit) were purchased from 
(Qiagen, Hilden, Germany).  
 
The reverse transcription and RT-qPCR reactions was 
performed according to miScriptSyber green assay kit 

manual,  The expression levels of miR891,miR124a and 
RUN6b in all samples in addition to negative control were 
done in duplicates. cDNA were amplified using specific 
primer sequence.The real time PCR analysis was done 
using the StepOne Applied Biosystems (ABI, USA). The 
protocol of for the RT-qPCR components in each tube: 
miScript SYBR Green PCR Master Mix (2x) 12.5μl, 
miScript Universal Primer (10x) 2.5 μl, miScript Primer 
Assay (10x) 2.5 μl, 4.5ul RNase-free water, cDNA 
product 3 μl. The PCR cycling conditions were 
(HotStarTaq DNA Polymerase activation; 15 min 95ºC, 
Cycling; 15 s 94ºC, annealing 30 s and55ºC, extension 30 
s 70ºC, for 45 cycles) and the differences in expression 
levels were compared and expressed as relative expression 
(2-ΔCt) or as fold change relative to RNU44 reference gene 
(2-ΔΔCt). The sensitivity of the test was tested with serial 
dilution of cDNA (50, 0.5, 0.05, 0.005 ng/ml).To evaluate 
the impact of time on miRNAs expression values; old 
samples were analyzed; 1 day, 7 days, 14 days, 1 month, 3 
months and six months respectively. Those samples were 
analyzed by RT-qPCR and Ct values were compared.   
 

 Statistical analysis 
Analysis of data was performed using Statistical Package 
for the Social Sciences software (SPSS,Version 17, 

Chicago, IL, USA). Comparisons were performed using 
analysis of variance (ANOVA) test, Pearson's correlation 
analysis was performed to determine whether there were 
correlations between the investigated miRNAs in 
examined body fluid samples. P value< 0.05 was 
considered statistically significant. 
 
3. Results / Discussion 

 
 miR891, miR124a and RNU6b expression values in 
semen, vaginal, semen/vaginal mix stain samples: The 
amplification curves of miR891, miR124a and RNU6b are 
obtained at exponential phase when the fluorescence 
detection threshold was set at 0.06. The Ct value was 
collected for each sample; the ∆Ct values were calculated 
as (∆Ct target gene - ∆Ct reference gene). The results are 
shown in (table 1). The histogram was created by 
comparing the relative expression levels (RQ) of miR891a 
and miR124a in semen, vaginal, semen/vaginal mix 
(Fig1), the expression levels of miR891a in semen stains 
was higher than in vaginal stains; miR124a was higher in 
vaginal stains compared to semen stains; although both 
were expressed in semen/vaginal mix stains but in lower 
levels than in primary samples. High significant difference 
was obtained between miR891in semen stains versus 
semen/vaginal mix stains (p<0.002), similar result was 
detected in miR124a in vaginal stains. Moreover, high 
significant difference was detected between miR891a 
expression levels in semen stains/ vaginal stains as well as 
miR124a (p<0.001). The relative quantitation (RQ) values 
by log10 presented on y axis. miR891, miR124a is the 
highest RQ value in semen stains,   vaginal swab; 
respectively. Both miRNAs RQ values decline in 
semen/vaginalmix stains. 

Table 1: The CT and ∆CT values of miR891a and miR124a in different examined stains 
Sample CT ∆CT 

Type Number miR891a miR124a RUN6b miR891a miR124a 
              
Semen stains SM1 28.42 37.8 36.42 -8 1.38 
  SM2 29.66 38.6 37.11 -7.45 1.49 
  SM3 29.01 37.05 36.81 -7.8 0.24 
  SM4 28.32 38.72 36.24 -7.92 2.48 
  SM5 28.99 37.68 36.18 -7.19 1.5 
  SM6 28.98 38.29 37.05 -8.07 1.24 
  SM7 28.22 37.62 36.51 -8.29 1.11 
  SM8 28.02 38.05 36.24 -8.22 1.81 
  SM9 29.52 32.27 37.83 -8.31 -5.56 
  SA10 28.96 38.86 38.22 -9.26 0.64 
  SM11 29.22 37.42 36.41 -7.19 1.01 
  SM12 28.72 38.92 38.06 -9.34 0.86 
  SM13 27.76 37.95 35.15 -7.39 2.8 
  SM15 28.65 38.92 37.52 -8.87 1.4 
  SM16 27.89 38.61 36.02 -8.13 2.59 
  SM17 27.01 38.68 37.66 -10.65 1.02 
  SM18 27.53 38.62 36.06 -8.53 2.56 
  SM19 27.88 38.61 37.37 -9.49 1.24 
  SM20 28.26 37.37 35.11 -6.85 2.26 
    
Vaginal Fluid Stains VA1 37.92 28.62 33.28 -4.64 -5.62 
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  VA2 39.96 29.16 36.9 -3.06 -5.51 
  VA3 33.28 28.11 33.5 0.22 -5.76 
  VA4 33.31 31.25 34.6 1.29 -5.52 
  VA5 34.25 28.37 35.2 0.95 -4.5 
  VA6 32.54 29.64 33.4 0.86 -5.76 
  VA7 37.11 29.01 38.9 1.79 -5.89 
  VA8 32.05 28.37 33.8 1.75 -6.19 
  VA9 35.11 28.91 36.6 1.49 -6.56 
  VA10 36.24 28.96 37.05 0.81 -8.06 
  VA11 33.78 28.05 35.72 1.94 -4.99 
  VA12 34.08 28.09 35.68 1.6 -6.84 
  VA13 32.98 29.62 33.29 0.31 -4.2 
  VA14 32.16 28.69 35.62 3.46 -7.5 
  VA15 32.95 29.21 34.05 1.1 -5.41 
  VA16 30.81 28.8 31.27 0.46 -7.98 
  VA17 34.18 28.71 36.86 2.68 -7.44 
  VA18 33.78 27.7 35.42 1.64 -7.76 
  VA19 34.68 28.62 36.22 1.54 -4.74 
  VA20 32.98 27.58 33.28 0.3 -5.62 
    
  MSV1 38.12 38.28 36.05 -2.07 -2.23 
Semen/vaginal fluid mix MSV2 37.46 37.81 36.42 -1.04 -1.39 
  MSV3 36.01 36.85 35.22 -0.79 -1.63 
  MSV4 37.95 38.63 35.3 -2.65 -3.33 
  MSV5 37.27 38.41 36.9 -0.37 -1.51 
  MSV6 36.54 35.6 33.2 -3.34 -2.4 
  MSV7 38.11 37.52 36.2 -1.91 -1.32 
  MSV8 34.87 34.51 33.1 -1.77 -1.41 
  MSV9 32.61 32.68 30.5 -2.11 -2.18 
  MSV10 36.26 36.62 35.2 -1.06 -1.42 
  MSV11 34.15 35.35 32.9 -1.25 -2.45 
  MSV12 36.59 37.56 35.6 -0.99 -1.96 
  MSV13 33.22 34.64 32.2 -1.02 -2.44 
  MSV14 38.09 37.5 36.14 -1.95 -1.36 
  MSV15 36.11 37.22 35.5 -0.61 -1.72 
  MSV16 38.6 38.01 37.15 -1.45 -0.86 
  MSV17 37.41 38.22 36.4 -1.01 -1.82 
  MSV18 36.8 37.46 35.2 -1.6 -2.26 
  MSV19 36.12 35.71 34.8 -1.32 -0.91 
  MSV20 37.28 37.06 35.6 -1.68 -1.46 
Negative Control NTC undetermined undermined 40.22 ----- ----- 

 
NTC: negative control; undetermined: RNA is 
unsuccessfully extracted or very low concentration to be 
amplified 

 

 
Figure 1: The expression of two miRNAs markers in (semen, vaginal swab, semen/vaginal mix) stains 

 
 The sensitivity of miR891a and miR124a in 

identification of semen, vaginal and semen/vaginal 
stains:Sensitivity of the method was analyzed by testing 
miR891a and miR124a in serial dilutions of cDNA.These 

results were presented in Table 2. Results revealed that to 
obtain the maximum test sensitivity; cDNA concentration 
should be > 1 ng/ml. 
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Table 2: Serial dilutions of RNA to evaluate miRNAs sensitivity by RT-qPCR 
Total cDNA 

(ng) 
CT CT   ∆CT ∆CT   

miR891a miR124a RNU6b [891a-U6] [124a-U6] +/- 
50 27.01 30.68 38.66 -11.65 -7.98 + 
5 29.82 32.27 38.95 -9.13 -6.68 + 

0.5 34.61 35.51 undetermined ------- ------- F 
0.05 34.52 38.64 undetermined ------- ------- F 

0.005 32.08 undetermined undetermined ------- ------- F 
NTC undetermined undetermined undetermined ------- ------- F 

F= failure of amplification of reference gene *RNU6b; this means that RNA is unsuccessfully extracted or very low 
concentration to be amplified, NTC= negative control 
 
The reliability of miR891a and miR124a in identification 
of old samples:Stains stored at different times results were 
statically analyzed; no significant differences were detected 
at different test intervals up to six months in semen, vaginal 
stains (p=0.08); However, statically difference was found 
between semen/vaginal mix stains in old samples (p=0.03). 
Therefore, the results suggest that the method is reliable 
(Table 3, Fig 2). 

 
Detection of degraded or old forensic samples is a 
problematic issue; therefore many researchers tried to find 

out a solution [8, 11, 12, 14]. The discovery of miRNAs help 
to solve this problem; miRNAs are short fragments which 
are slowly degraded compared to mRNA, their molecular 
characteristics and tissue specificity make them a suitable 
molecular markers for identifying body fluid stains in 
forensics [15-16].The results of this study demonstrate that 
the expression level of miR891a was higher in semen 
stained samples than that of reference gene RUN6b. 

 

 
Table 3: miRNAs expression results in stored stains for six months 

Storage time at 
room temperature 

Semen stain Vaginal swab stains Semen/Vaginal mix 
No of 
samples 

Positive 
samples 

No of 
samples 

Positive 
samples 

No of 
samples 

Positive 
samples 

1 day 20 20 20 20 20 20 
7 days 20 20 20 20 20 20 
14 days 20 20 20 20 20 18 
1 month 20 18 20 19 20 17 
3 month 20 18 20 18 20 16 
6 month 20 18 20 18 20 15 

 

 
Figure 2: The smooth line scatters with marks. The number of miRNAs positive samples in (semen, vaginal swabs, 

semen/vaginal mix); stored stains at room temperature for 180 days are presented on Y axis. Semen stains are the most stable 
followed by vaginal swabs and semen/vaginal mix stains. 

 
Similar results were detected for miR124a in vaginal stains. 
Statistical analysis of the expression levels of both targets in 
semen and vaginal stains; it was found that these miRNAs 
can distinguish semen from vaginal stains. The standard 
criteria used were as follows: the Ct value of target genes 
miR891a, miR124a and reference gene RUN6b are <40 
when the crossing threshold value was set at 0.06, the ∆Ct   
of miR891<-6.85 in semen stains and ∆Ct   of miR124a <-4.7 
in vaginal stains to distinguish semen from vaginal stains. In 

this study, 20 semen and vaginal stains were analyzed for 
both targets. When these results were compared to standard 
criteria, all semen, vaginal stains were above the cut off 
value of miR891a and miR124a respectively. To confirm the 
specificity of miR891a in identifying semen samples, five 
semen samples with azoospermia were analyzed using the 
same method and criteria; the results fall within the positive 
range. In the same way 20 vaginal stains were analyzed; 
only two samples out of 20 were positive. Similar results 
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were found for miR124a, all vaginal stains were positive; 
however, miR124a expression levels in semen samples were 
below the detectable cut off value except one sample which 
fall within the positive range (Table 1). The results of the 
two vaginal stains, semen stain were positive for miR891a 
and miR124a respectively were confusing and the reasons 
were complicated. Explanation of these results may be 
related to technical error, abnormality of the samples such as 
an influence of unknown disease altering these miRNAs 
expression levels. So, further researches are required to 
study this point. Therefore, miR891 can distinguish normal 
as well as azoospermic semen stains from vaginal stains in 
forensic sexual assault samples. Same findings could be 
applied on vaginal / semen stains by using miR124a as 
molecular marker. Similar findings were reported by 
previous studies that evidenced specificity of miR-891a to 
semen as Sauer’s[17] [whostated that miR-891a is a reliable 
biomarker for semen identification.Also,Zubakov[5]profiled 
the expression levels of 718 miRNAs in menstrual blood, 
venous blood, saliva, semen and vaginal secretion on a 
micro-array and identified 14 differentially expressed 
candidates for potential body-fluid identification. They 
found both of miR-135a and miR-891a as the most abundant 
and most specifically expressed in semen. These findings are 
in agreement with previous studies that reported specific 
tissue-expression pattern of miRNAs. Wang’s [18]employed 
the qPCR-array to screen the body fluid-specific miRNAs 
and identified seven candidate miRNAs as potentially body 
fluid-specific: miR-16 and miR-486 for venous blood, miR-
888 and miR-891a for semen, miR214 for menstrual blood, 
miR-124a for vaginal secretions, and miR-138-2 for saliva. 
This is in accordance with Landgraf[19]who reported that, 
many miRNAs are expressed in a tissue-cell-specific 
manner. They found expression of miR-891a only in 
epididymis tissue while it was practically absent from any 
other tissue analyzed. We also agrees with other studies that 
revealed specificity of miR-124a to vaginal 
secretions;Hanson’s[8]and Bai [21]who studiedmiRNA 
expression in dried, forensically relevant biological fluids 
(blood, semen, saliva, vaginal secretions, and menstrual 
blood).  They identified a panel of nine miRNAs that are 
differentially expressed, they reported that miR-124a, and 
miR-372 can be used as miRNA markers in differentiation 
of vaginal stains from other body fluids.     
 
Contrary to the current study, Luo’s[22]screened fourteen 
microRNA markers for peripheral blood, menstrual blood, 
saliva, vaginal secretion, semen and skin cells using 
microRNA array covering all human microRNAs. They 
selected miR-3134 and miR-31-3p as markers of vaginal 
secretions and miR-888-5p miR-135a-5p as markers of 
seminal stains since they showed specific patterns for these 
body fluids in the results of array. However, they 
recommended further confirmation of these markers through 
RT-qPCR. 
 
To our knowledge, we are the first who studied the effect of 
mix semen/vaginal samples on the expression levels of 
miRNAs and compare it with that in non-mixed samples. In 
this study, we try to find out a solution for problems facing 
identification of mixed forensic samples, therefore, 20 
mixed semen-vaginal stains were analyzed for the targets 
miRNAs (miR891a and miR124a) and results were 

compared to their expression levels in non-mixed stains. The 
∆Ct for miR891a and miR124a in mixed stains were ≤ -0.37 
and ≤ -0.86 respectively. Similar findings were reported 
byBallantyne’s[23]who found that, vaginal secretions did 
not affect the detection of semen specific microRNA in 
vaginal and cervico-vaginal swabs collected from a female 
donor 18 hours post-coitus.This agrees also 
withHanson’s[24]since he studied miRNA expression 
profile in body fluid mixtures samples, including blood-
semen and semen-saliva mixtures.  He could identify all 
studied body fluids correctly in all mixtures through 
miRNAs biomarkers. The current study is in accordance 
with Courts and Madea[25]who found that miRNA assays 
could detect components in mixtures of liquid blood and 
liquid saliva.  Furthermore, they found all studied miRNAs 
showed strong expression comparable to their values in 
isolated body fluid (blood or saliva). Uchimoto’s[12]found 
that, microRNA based body fluid identification tests were 
capable to differentiate between blood and saliva in their 
mixture with a 100% success rate. They concluded that the 
miRNA -based body fluid identification tests can be used on 
mixed body fluid samples with reliable results.This finding 
can be attributed to the effect of pH changes related to 
mixture; pH alternation can protect the mRNA from 
degradation, keep it more stable. Fordyce’s [26]foundthat 
alkali conditions, including the levels naturally found inside 
cells increase the susceptibility of RNA to hydrolysis, so 
mixed stain may have approximately neutral PH. So 
alkalinity of pH decreased with subsequent decrease in 
hydrolysis of RNA. In addition, this may be due to binding 
of miRNAs with proteins in mixed stains that inhibit their 
degradation and prolong their half-life [25]. 
 
In this study, old samples were analyzed for miR891a and 
miR124a after one day, two days, seven days, fourteen days, 
one month and six months at 25ºC (under dry and dark 
conditions), the results demonstrated that the positive rates 
in semen and vaginal stains, semen-vaginal mix stains were 
90% , 75% respectively after six month preservation. 
Therefore, it was concluded from these results that miRNAs 
markers are stable and can be used for identification of old 
samples. Our results were matched with [27] who found no 
significant differences between miRNA-891a expressions in 
semen samples between aged (after one year) and initial 
analysed samples. The aged samples were stored under lab 
conditions (relatively constant humidity and ambient 
temperature, no UV exposure, dust free, etc.). However, 
Zheng Wang’s [27] study, revealed that not only 
miRNAscould be easily detected in experimentally aged 
body fluid samples but also that the absolute levels do not 
seem to be diminished in old samples. Similar findings 
regarding miRNAs stability were reported  by Zubakov’s 
[5], Courts’s and Madea’s [25] who mentioned that 
miRNAs was stable for one year-old blood stains sample, 
although, they didn’t study the stability of miRNAs in semen 
or vaginal secretion material. 
  
4. Conclusion 

 
In this study, miR-891a, miR-124a exhibited stability from 
seminal fluid, vaginal material respectively as well as their 
mixtures. So, the current study approved that miRNAs 
(891a, 124a) can be used in combination for identification of 
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forensic samples in sexual crimes. We found that both 
studied miRNAs markers were stable practically not prone 
to degradation in old stains up to six months duration. We 
also confirmed that the respective Real time-PCR assays 
used here for their detection were highly sensitive, allowing 
the reliable marker detection from subpicogram amounts of 
total RNA. 
 
5. Future Scope 
 
While current forensic mRNA profiling allows personal 
identification of biological sample donors, recent advances 
in forensics has suggested using other types of markers in 
order to add more informative layers to the evidence. 
mRNAs markers have been most rigorously investigated and 
the number of specific markers is sufficient for the 
identification of forensically relevant body fluids,but in most 
cases, tissue specificity is problematic due to cross reaction 
with biological or non-biological material present in samples 
at crimes scene. On the other hand, miRNAs markers show 
high tissue-specificity and adequate sensitivity for forensic 
analysis due to their stability, thereby being considered as a 
valuable new approach to overcome the limitations of 
conventional methods. miRNAs expression still needs to 
identify more markers for future practical application to 
casework. We believe that it is now possible to identify 
more informative markers for body fluid identification using 
various high-throughput screening technologies. In the near 
future; forensic investigations should improve a great deal 
because of the continued advances in genetics, epigenetics 
and molecular biology, and hence, the extraction of more 
information from forensically relevant biological samples 
will be possible. Also,it is crucial to test whether the 
expression of candidate miRNAs for body fluid 
identification may be influenced by biological processes or 
conditions such as cancer, mix with other biological samples 
rather than tissue type identification. 
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