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ABSTRACT: Micro-RNAs (miRNAs) are a class of small noncoding RNA (ncRNA) molecules with a length of 18–24 nucleotides which play
an essential regulative role for many cellular processes. Evidence suggests that the miRNome is a more precise and meaningful representation of a
cell type and condition than the mRNA transcriptome. To identify miRNAs that are suitable for forensic body-fluid identification, a global screening
by microarray analysis of c. 800 miRNAs of forensic blood and saliva samples was performed, and by bioinformatic processing, three differentially
expressed candidate miRNAs for saliva and blood each were selected. The six candidates were then validated and confirmed via quantitative PCR.
Herein, we present miRNA assays consisting of three differentially expressed miRNAs for the identification of blood (miR-126, miR-150, miR-451)
and saliva (miR-200c, miR-203, miR-205), respectively. We conclude that miRNA extraction from forensic samples is possible and support a ‘‘proof
of concept’’ that body-fluid identification by miRNA analysis may become a potent forensic technique.
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Micro-RNAs (miRNAs) are a class of small noncoding RNA
(ncRNA) molecules with a length of 18–24 nucleotides which play
an essential regulative role for many cellular processes. MiRNAs
can downregulate gene expression by base-pairing with the 3¢
untranslated regions (3¢UTR) of target messenger RNAs (mRNAs),
and miRNA-mediated regulation is now acknowledged to represent
a new instance of regulatory control over gene expression pro-
grams in many organisms. At the present day, more than 700
miRNAs have been identified for Homo sapiens and bioinformatic
estimations predict the existence of 800–1000 miRNAs in the
human genome (1,2). This approaches 2–3% of the number of all
protein-coding genes (3,4). Newly discovered miRNAs are sequen-
tially numbered and entered into the official ‘‘miRBase’’ registry
which contains actual sequence data for both precursor and mature
molecules as well as further information, for example, hints to
putative functions (5). More than half of all mammalian mRNAs
are under selective pressure to maintain the sequence integrity of
their miRNA binding sites (6), and there may hardly be a biologi-
cal process or function that is not influenced however subtly or
selectively by it.

It is known that nearly all cells harbor a cell-type-specific tran-
scriptome, that is, the entirety of mRNA at a given time, represent-
ing the dynamic correlate of the cells momentary need of gene
expression environment. When miRNA entered the stage of
biomedical research and after first associations of dysregulated
miRNAs with disease had been discovered, miRNA profiling was
brought into focus and methods for comprehensive and quantitative
miRNome analysis were being devised (7–9). It soon became

apparent that miRNA profiling, quantitating only about 200
miRNAs, performed better in classifying even weakly differentiated
tumors than did mRNA profiling with several thousand mRNAs
investigated (10,11), suggesting that the miRNome is a more pre-
cise and meaningful representation of a cell type and condition than
the mRNA transcriptome. Another advantage of miRNA analysis is
that because of their tiny size of about 22 nt, mature miRNAs are
more stable than mRNAs which is of paramount importance in
forensic settings as it renders mature miRNAs notably less suscepti-
ble against fractionation by chemical and ⁄ or physical environmental
strain.

We therefore examined whether body-fluid-specific miRNA sig-
natures for blood and saliva consisting of three miRNAs could be
distilled from the global miRNome data of microarrays and con-
firmed by quantitative PCR to identify forensically relevant blood
and saliva samples.

Materials and Methods

Samples

Body fluids for the microarray were collected from five healthy
donors (four females, one male). Saliva was collected using sterile
buccal swabs. Blood samples were obtained by vein puncture using
dry vacutainer tubes.

Body fluids for quantitative PCR validation were collected as
described earlier from five different healthy donors (three
females, two males). Additionally, in one case, liquid saliva was
collected in a reaction tube. The aged blood sample was gener-
ated by pipetting 50 lL freshly drawn blood on a sterile swab
and storing it for 1 year at darkness and room temperature. The
mixed sample consisted of 100 lL of liquid blood and 100 lL
of liquid saliva.
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MiRNA Extraction

Before RNA extraction, all surfaces, devices, and machines used
in the extraction procedure were thoroughly cleaned using RNase-
Zap� (Ambion, Austin, TX) to remove all traces of ambient
RNases. Only RNase-free liquids and plastic consumables were
used.

Total RNA was extracted from liquid blood (50 lL), saliva
swabs, mixtures of blood and saliva samples, liver, muscle and
brain tissue and enriched for small RNAs including miRNAs using
the miRNeasy Mini Kit and the RNeasy MinElute Cleanup Kit
(Qiagen, Hilden, Germany), respectively, according to the manufac-
turers protocols. When miRNA was extracted from blood, a
pretreatment to remove erythrocytes was performed, using RBC-
Buffer (Qiagen). Briefly, 5 vol. of RBC-Buffer was added to the
blood sample followed by incubation on ice for 15 min and centri-
fugation at 4�C and 400 · g for 10 min. The supernatant was
discarded, and 2 vol. of RBC-Buffer was added to the pellet which
was then resuspended by vortexing and again centrifuged as
described earlier. The supernatant was discarded, and the pellet was
then introduced to the extraction procedure.

RNA concentration and quality, represented by the RNA integ-
rity number (RIN), was determined using the Qubit fluorometer
(Invitrogen, Darmstadt, Germany) and the 2100 Bioanalyzer
(Agilent, Bçblingen, Deutschland).

Microarray Analysis and Bioinformatics

Expression of about 800 miRNAs from blood and saliva samples
of five individuals was analyzed using microarrays. For the analy-
sis, Geniom� Biochips (Heidelberg, Germany) were employed. The
probes are designed as the reverse complements of all major
mature miRNAs and the mature sequences as published in the
current Sanger miRBase release for Homo sapiens (version 14.0)
(12). Signal distribution was evaluated by plotting the spatial distri-
bution. An intensity gradient was adjusted for by carrying out a
global background subtraction. All further analyses were performed
using the local background corrected data. The data were normal-
ized applying a probabilistic algorithm (change-of-variance function
for dependent data or ‘‘function h’’) to remove the transcript vari-
ance dependency of their mean, thereby transforming the data to a
generalized
log-scale. Microarray and bioinformatic analyses were performed
by febit (Heidelberg, Germany) to whom we sent the extracted and
enriched miRNA.

Candidate Selection

Three candidates for body-fluid identification were selected from
the array data for blood and saliva, respectively. We chose miRNAs
that were highly differentially expressed and showed strongly differ-
ent expression values in saliva and blood, respectively. MiRNAs that

had high expression values in blood samples were assigned to the
blood assay ‘‘panel,’’ whereas miRNAs highly expressed in saliva
samples constituted the saliva assay panel (Table 1).

Evaluation by Quantitative RT-PCR

Expression of selected miRNA candidates for blood and saliva
samples was performed by quantitative RT-PCR (qPCR) utilizing the
miScript system (Qiagen). This system consists of the following
components: miScript reverse transcription kit for single-step cDNA
synthesis, miScript SYBR Green PCR Kit, which includes the
miScript Universal Primer that allows detection of mature miRNAs
in combination with an miRNA-specific primer and miScript Primer
Assays.

MiRNA was extracted and quantified as described earlier, and
50 ng was then reversely transcribed using the miScript reverse
transcription kit (Qiagen) according to the manufacturer’s protocol:
during the reverse transcription step, miRNAs are polyadenylated
by poly(A) polymerase. Reverse transcriptase converts miRNA to
cDNA, and the oligo-dT primers used in the reaction carry a uni-
versal tag sequence on the 5¢ end which allows amplification in the
following qPCR step. The cDNA from the reverse transcription
step serves as the template for qPCR analysis using a specific
miScript Primer Assay (Qiagen) (Table 1) in combination with the
miScript SYBR Green PCR Kit (Qiagen) on an ABI Prism 7000
system (Applied Biosystems, Weiterstadt, Germany). Mature
miRNAs were thus amplified using the miScript Universal Primer
together with an miRNA-specific primer. Briefly, 1–3 ng of cDNA
equivalent was used in a reaction volume of 50 lL.

For data normalization, expression of RNA 6b (RNU6b) was
measured (Table 1). This spliceosomal RNA is highly conserved
and ubiquitous and therefore well suited for normalization (23).

Bioinformatic Analysis

Hierarchical clustering was carried out as bottom-up complete
linkage clustering using the Euclidean distance as a measure.

For variance-related barplots, miRNA expression was scored
using the function

S tð Þ ¼ varðtÞ
Pg

i¼1 varðt; iÞ

with var(t) meaning the complete variance of all samples for
miRNA t and g representing the number of biological groups
(i.e., 2) and var(t, i) representing the variance in biological
group i. These were calculated by febit.

For qPCR normalization, RNU6b Ct values were subtracted for
each sample from the Ct values of the respective miRNA, resulting
in DCt:

DCt ¼ Ct miRNAð Þ � Ct RNU6bð Þ

TABLE 1—Body-fluid identification assay panels.

Body-Fluid ⁄ Task Assay Name Sequence References

Blood miR-126 UCGUACCGUGAGUAAUAAUGCG (4,13)
miR-150 UCUCCCAACCCUUGUACCAGUG (4,13)
miR-451 AAACCGUUACCAUUACUGAGUU (4,14,15)

Saliva miR-200c UAAUACUGCCGGGUAAUGAUGGA (4,16–18)
miR-203 GUGAAAUGUUUAGGACCACUAG (4,19,20)
miR-205 UCCUUCAUUCCACCGGAGUCUG (4,18,19,21)

Normalization RNU6b CTGCGCAAGGATGACACGCAAATTCGTG
AAGCGTTCCATATTTTT

(22,23)
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As a measure of normalized miRNA expression 2)DCt was used.
For relative quantification, normalized data were calibrated by

using the other type of body fluid as calibrator, respectively, calcu-
lating DDCt:

DDCt ¼ DCt miRNAbody�fluid�1
� �

� DCt miRNAbody�fluid�2
� �

Relative fold change was then calculated, according to Livak
and Schmittgen (24) as 2)DDCt.

Results

MiRNAs Show Differential Expression in Saliva and Blood

The expression of about 800 miRNAs in blood and saliva sam-
ples was simultaneously assessed by microarray analysis. After
background correction and normalization, a hierarchical cluster
analysis of the 70 most differentially expressed miRNAs was per-
formed. Clustering tries to identify samples that show a similar
expression intensity pattern and thus are similar to each other.
According to the similarity, a hierarchy of similarity clusters is built
which is represented as a tree, a so-called dendrogram. Figure 1

shows a principal component analysis heatmap with a dendrogram
on top. Differentially expressed miRNAs are strongly expressed in
saliva (red) and weakly expressed in blood (green) and vice versa.
The analysis showed high correlation within the sample groups
blood and saliva, and each sample could be ordered to each group
according to its miRNA expression profile.

Selection of Candidate miRNAs for Body-fluid-specific
Signatures

Three miRNAs for blood and saliva, respectively, were
selected from the most differentially expressed miRNAs as
detected by microarray analysis. A volcano plot was generated to
enable a visual identification of those miRNAs that display
large-magnitude changes that are also statistically significant
(Fig. 2). Subsequently, variance-related barplots were generated to
confirm that the selected candidate groups of miRNAs showed
low ‘‘intragroup’’ variance but strongly differed in their expres-
sion intensities between blood and saliva, respectively (Fig. 3).
Table 1 shows the selected candidate miRNAs for saliva and
blood.

FIG. 1—Hierarchical cluster heatmap of the most differentially expressed miRNAs. To detect possible clusters in rows (miRNA transcripts) and columns
(samples) of the normalized expression matrix, hierarchical clustering was carried out. The dendrogram on top of the heatmap demonstrates that the sample
of the two body fluids cluster together.
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Evaluation and Confirmation of miRNA Candidates for the
Identification of Blood and Saliva

To evaluate microarray analysis-mediated miRNA candidate selec-
tion, quantitative PCR was employed. QPCR results show a strong
upregulation of ‘‘blood-miRNAs’’ in blood as compared to saliva and
vice versa (Fig. 4, upper and lower panel), thereby confirming micro-
array data and legitimating the candidate selection. A similar result
was obtained for a year-old blood stain, affirming that miRNA analysis
from aged blood samples is possible and produces coherent results
(Fig. 4, middle panel). Then the ability of the miRNA candidates to
discriminate between saliva and blood, respectively, and other types of
tissue was tested. For ‘‘blood-miRNAs’’ and ‘‘saliva-miRNAs,’’ the
average of the three candidate miRNA expression values was signifi-
cantly higher in blood and saliva, respectively, than in all other tissues
(Fig. 5). However, differences for ‘‘blood-miRNAs’’ were smaller
than those for ‘‘saliva-miRNAs,’’ and muscle tissue showed an average
expression value of the three ‘‘blood-miRNAs’’ about half as large as
that in blood. Analysis of the expression differences of the single
‘‘blood-miRNAs’’ in blood and other tissues showed that whereas
miR-150 was nearly only expressed in blood, miR-126 was even stron-
ger expressed in muscle and brain than in blood, and that miR-451
expression was about half as high in muscle as in blood (data not
shown).

To test whether miRNA assays can detect components in mix-
tures of body fluids, liquid blood and liquid saliva were mixed
together before RNA extraction and miRNA expression was
assessed from the mixture. All six miRNAs showed strong expres-
sion comparable to their values in blood (‘‘blood-miRNAs’’) or
saliva (‘‘saliva-miRNAs’’), respectively (data not shown).

Discussion

Today, specific mRNA quantification has been extensively investi-
gated in several forensic laboratories as a means of body fluid

identification. Much work has been carried out to improve single
aspects of this method and to detect and validate RNA signatures for
different kinds of biological stains (25–30). The use of mRNA in
forensic science has been reviewed in more detail elsewhere (31).

However, mRNA stability and susceptibility to degradation has
always been an issue for mRNA-based gene expression analysis,
and it was shown that impaired mRNA integrity, represented by
the RIN (32), has an influence on the reproducibility of results by
introducing a variable extent of bias (33). This is particularly com-
plex for forensic routine applications using mRNA, because biolog-
ical stains from forensic casework are often challenged by ambient
moisture and temperature, UV light, suboptimal environmental pH,
potentially degrading mRNA beyond usability. Although evidence
concerning mRNA stability in forensic settings is conflicting, there
can be no doubt that single-stranded RNA transcripts of consider-
able length are less stable and more susceptible to degradation by
physical and chemical strain and especially by ubiquitous RNAses
than for instance a DNA molecule of comparable length.

MiRNA profiling has serious advantages as compared to mRNA
profiling. Owing to its small size of about 22 nt, mature miRNAs
are much more stable than mRNAs which is of paramount impor-
tance in forensic settings as it renders mature miRNAs decidedly
less susceptible to deterioration by chemical or physical actions.
This also applies to formalin-fixed paraffin-embedded (FFPE) tissue
samples that can be of pivotal importance to forensic casework, but
in which intense nucleic acid fractionation occurs. Not only has
miRNA recovery from FFPE tissues been shown to be feasible and
to lead to valid profiling results (34–36), but it even outperforms
FFPE tissue mRNA expression profiling by achieving a higher
degree of resemblance to fresh tissue profiles and therefore signifi-
cantly better correlation (37).

The aims of the present work were to confirm miRNA as a
forensically relevant molecular species and prove the concept by
extracting and enriching miRNA from forensic samples and identi-
fying miRNA assays for reliable identification of blood and saliva
that have the potential to easily and affordably be performed in a
standard forensic laboratory.

To our knowledge, there are no more than two previous studies
assessing the potential of miRNA expression analysis for body-fluid
identification in forensic settings (38,39), and our study assays the
most comprehensive and up-to-date set of human miRNAs for
forensic applicability. The work by Hanson et al. (38) lacks micro-
array analysis and surveys a panel of only 452 miRNAs, whereas
Zubakov et al. (39) did employ microarray analysis but used an
out-dated version (10.1) of the miRNA registry (12) as basis for
their array and did not succeed in confirming their miRNA candi-
dates for saliva, menstrual blood, and vaginal secretion.

The critical step in the transition from microarray expression
data to qPCR validation is candidate selection which always retains
some degree of arbitrariness, as there are no fixed rules as to which
criteria have to be met for an miRNA to be chosen as a candidate.
Notably, given the fact that their miRNA set contained only
roughly about half as many miRNAs, one of our candidate mi-
RNAs for blood (miR-451) and for saliva (miR-205) has also been
identified by Hanson et al. (38) for the identification of the respec-
tive body fluid, corroborating a reproducibly body-fluid indicative
and differential expression of these candidates. The candidates,
however, that Zubakov et al. (39) chose from their array were
entirely different from those we and Hanson et al. chose with
exception of the semen markers miR-135b and miR-10b, chosen
by Zubakov et al., which are related (but not identical) to
miR-135a and miR-10a chosen by Hanson et al. A possible reason
for this discrepancy is the differing sets of miRNAs and the

FIG. 2—Volcano plot for candidate identification. This plot combines
a statistical test (represented by odds) with the magnitude of the change.
MiRNAs (as indicated by arrows) that are found toward the top of the plot
that are far to either the left- or the right-hand side represent values that
display large magnitude fold changes as well as high statistical significance
which therefore were chosen as candidates.
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different microarray platforms and probing chemistries used by our
group and Zubakov et al.

In this study, we present miRNA assays consisting of three
miRNAs for the identification of blood and ⁄ or saliva in forensic
samples. These miRNAs were chosen based on comprehensive
microarray data and validated using qPCR and were shown to be
differentially regulated in ‘‘their’’ assigned type of body fluid and
to be able to discriminate between ‘‘their’’ body fluid and another
body fluid as well as several kinds of tissue. Moreover, the blood
assay was successfully applied to an aged blood sample, confirming
miRNA stability in aged samples. We hypothesized that although
there is no single body-fluid-exclusive miRNA, only blood and sal-
iva will show an upregulation of all three miRNAs in their

respective assay. This was ratified by our results, in that only in
blood and saliva, high expression of all three ‘‘blood-miRNAs’’ and
‘‘saliva-miRNAs’’ could be detected, respectively, and in case of
blood, only the combination of the expression values of all ‘‘blood-
miRNA’’ candidates selected for this body fluid was sufficient for
its identification and discrimination from others.

Hanson et al. (38), probably due to their limited set size of 452
miRNAs, could identify only one candidate for vaginal secretions
and menstrual blood which very probably is not sufficient for
reliable identification and discrimination of these body fluids. We
think that microarray analysis is necessary to simultaneously probe
a sufficiently large set of miRNAs to enable a selection of at least
three miRNA candidates per body fluid that can be combined to a

FIG. 3—Variance-related barplots of differentially regulated miRNA candidates in blood and saliva. The miRNA candidates have low variance in their
respective groups (blood and saliva) but have an overall high variance. Data are plotted on a logarithmic scale. Left panels: miRNA candidates for blood
identification; right panels: miRNA candidates for saliva identification.
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body-fluid-specific assay panel. Such assays, consisting of three
miRNAs, could easily be multiplexed in one qPCR using primers
or fluorescent probes with three different fluorophores, making
them accessible for forensic routine procedures.

A limitation of the present study is that only saliva and blood
have been analyzed for miRNA expression, and it will be necessary
to also investigate other forensically important body fluids like
semen, vaginal secretions, and menstrual blood. MiRNA candidates
selected for these body fluids will also have to be tested and vali-
dated and compared to saliva and blood and vice versa.

There are several unsolved issues concerning miRNA analysis
that might prove obstacles for a broad acceptance of this analytic
method in forensic science community.

The miRNome perhaps even more so than the transcriptome is
highly context dependent, and it is conceivable that certain non-
physiological or pathologic conditions might alter the expression
level of miRNAs employed in assays for body-fluid identification,
thereby distorting the results. It will therefore be necessary to test
whether the expression of candidate miRNAs for body-fluid identi-
fication may be influenced by biological processes or conditions
other than cell or tissue identity.

There are several different methods and devices for miRNA
extraction, reverse transcription and quantitation which can be com-
bined in many ways and might result in slightly different yields,
miRNome compositions, transcription and amplification efficiencies
and therefore produce differing results from comparable samples.
Therefore, a standardized procedure, optimized for forensic needs
and adapted to forensic settings, will be required and has to be
thoroughly validated.

MiRNAs are just one of several classes of small, ncRNAs with
regulatory functions (40), and there is no reason to exclude these
RNAs from forensic analyses, so miRNA analysis may only be an
interim strategy until more is known about other small RNAs, and
comprehensive small-RNA analysis will come into reach and
replace an miRNA-only analysis.

Forensic miRNA analysis is still at its very beginning and
although this molecular species undoubtly has vast potential for
forensic science, much effort will be required to settle these issues
and to make miRNA quantitation a validated, standardized, and
reliable technique for forensic casework routine.

Conclusion

By microarray and subsequent qPCR analysis, we selected and val-
idated from a set of c. 800 miRNAs three candidates each for the
forensically relevant body fluids blood and saliva. We combined the
candidates to body-fluid-specific assay panels and successfully used
these assays to identify blood and saliva and discriminate these body

FIG. 4—qPCR validation of candidate miRNAs for blood and saliva.
Upper panel: relative expression of blood candidate miRNAs in blood com-
pared to saliva, for which expression has been arbitrarily set to 0; Central
panel: relative expression of blood candidate miRNAs in aged blood com-
pared to saliva for which expression has been arbitrarily set to 0; Lower
panel: relative expression of saliva candidate miRNAs in saliva compared
to blood for which expression has been arbitrarily set to 0.

FIG. 5—Expression of candidate miRNAs in different kinds of tissue.
Upper panel: Normalized median expression of the three blood-miRNAs
(miR-126, miR-150, miR-451) in blood, saliva, liver, muscle and brain
Lower panel: Normalized median expression of the three saliva-miRNAs
(miR-200c, miR-203, miR-205) in blood, saliva, liver, muscle and brain.
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fluids from other tissues. We thereby confirm the conclusion of two
previous studies that miRNAs may be of great interest for the identi-
fication of body fluids and ⁄ or tissues in forensic analysis.
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