
In the field of Forensic Science, it is essential that from biological
stains, both the type of tissue and the individual who deposited the
stain be identified. Recently, microRNAs (miRNA) have been
suggested as potential biomarkers for body fluid identification
(Zubakov, 2010). However, depending on the amount of biological
evidence left behind, if there are only trace amounts, miRNA
analysis will consume the sample and as a result eliminate the
possibility of obtaining a DNA profile (Hanson,2012). Therefore,
there is a great need for a method, which performs both RNA and
DNA extraction simultaneously from one sample. There are only a
few methods currently offered for this purpose. Therefore it is
crucial that these methods are tested extensively and compared to
one another. Recent research has shown that microRNA (miRNA)
shows great potential for the identification of body fluids in
forensically relevant samples, due to their small size, stability and
robustness (Zubakov, 2010). MiRNA does not degrade easily and
can be analyzed months, and in some cases, years later (Haas,
2013). However, it is crucial that we can extract both RNA and DNA
from the one sample simultaneously, thereby allowing us to
identify both the ‘who’ and ‘what’ of the sample.
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It was recently recognized that microRNAs (miRNA) may serve as
potential biomarkers for body fluid identification, thereby
providing tissue source information in addition to DNA profiling.
This study investigated simultaneous extraction of both DNA and
RNA from forensically relevant body fluids.
Using two commercially available kits namely; ZR-Duet™ DNA/RNA
MiniPrep kit (ZYMO) and AllPrep™ DNA/RNA Mini Kit (Qiagen),
RNA/DNA was extracted from a range of body fluids (n=20). A
series of dilutions of each body fluid were co-extracted for their
RNA/DNA content. The quality/quantity of each extract was
analyzed using a spectrophotometer. RQ-PCR was performed to
determine if a miRNA signal was present and STR analysis was
performed to obtain DNA profiles.
The results showed that quantifiable amounts of both DNA and
RNA were obtained from all body fluids using both kits. The results
were variable depending on the body fluid and the kit used.
Overall, the Zymo Kit provided higher concentrations of both DNA
and RNA when compared to the Qiagen Kit. Finally, miRNA signals
and full DNA profiles were obtained from all samples profiled. This
research highlights the potential of miRNAs in forensic
investigations with the ability to extract both miRNA and DNA from
a single sample.

Following ethical approval from the Institutional Review Board and informed volunteer
consent, venous blood, semen, saliva and urine were collected from 5 volunteers (n=20). The
two commercially available kits that were investigated were the ZR-Duet™ DNA/RNA MiniPrep
kit (ZYMO) and the AllPrep™ DNA/RNA Mini Kit (Qiagen). The manufacturers guidelines were
followed for each kit. First, neat samples were extracted from 200µl of each body fluid using
each kit. Following this, a series of dilutions of each body fluid were created in 1:2, 1:10, 1:25
and 1:50 ratios and then the co-extraction of miRNA and DNA were performed using the same
kits. Following RNA/DNA extraction, all eluates were analyzed to determine the RNA/DNA
concentration in each sample. This was achieved using Biotek EON Spectrophotometer which
measures the full spectrum (220-750nm) for accurate measurement of concentrations (A260)
and protein contamination (ratio A260/280). The concentration of each extracted sample was
recorded in ng/ul and quality assessed by analysis of the 260/280 ratio. In the final step, RQ-
PCR was performed on a selection of the RNA samples targeting miR-16 to determine if a
miRNA signal was present within the extract. In parallel STR analysis was performed on a
selection of the DNA samples to obtain full human DNA profiles.
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This study reveals the ability to successfully co-extract both RNA
and DNA from forensically relevant body fluids, suggesting the
Zymo kit as a superior method for this purpose. This research
highlights the potential of miRNAs for the identification of
forensically relevant body fluids as it has shown possible the ability
to extract both miRNA profiles and DNA profiles from a single
sample, which could prove crucial to a forensic investigation.

DISCUSSION

In this study quantifiable amounts of miRNA and DNA were found
in both the Zymo and the Qiagen kits. The concentrations obtained
however, were highly variable depending on the particular body
fluid and the particular kit used. The results obtained from the
diluted samples produced varying concentrations at much lower
levels, as expected. Overall, the Zymo Kit proved to obtain higher
concentrations of both DNA and RNA when compared to the
Qiagen Kit. Finally, miRNA signals and full DNA profiles were
obtained from all samples selected for miRNA/DNA profiling.
Due to the trace amounts of samples available in forensic
investigations, it is often difficult if not impossible to extract both
the RNA and DNA portions (Haas, 2015). Scientists faced with this
challenge have therefore developed commercial kits that analyze
both RNA and DNA simultaneously within one sample. It was
necessary that the sensitivity and accuracy be analyzed using
different kits.
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OBJECTIVES
1. To investigate two commercially available co-purification kits

for obtain quantifiable amounts of RNA and DNA from a range
of human body fluids.

2. To compare the sensitivity of each kit by examination of
varying dilutions of each of the body fluids tested.

3. to investigate if RNA/DNA of sufficient quality/quantity can be
obtained to provide molecular profiles for both body fluid
identification and also person identification

Investigating the Simultaneous Extraction of miRNA and DNA 
from Forensically Relevant Body Fluids

Department of Forensic Science, Henry C. Lee College of Criminal Justice and Forensic Sciences, University of New Haven, CT 06516 
Sarah Markland, & Claire Glynn, PhD
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Figure 1: Results obtained from extractions performed on neat
samples of venous blood, semen, saliva, and urine, comparing
the RNA/DNA content extracted using both kits.

Figure 2: Results obtained from extractions performed on diluted
samples of venous blood, semen, saliva, and urine, comparing the
RNA/DNA content extracted using both kits.

STR Loci Blood Semen Saliva Urine

D8S1179 12, 15 13, 14 12, 15 Undet

D21S11 29, 31.2 29 29, 31.2 Undet

D7S820 10, 12 10 10, 12 Undet

CSF1PO 9, 12 10, 12 9, 12 Undet

D3S1358 16 16, 17 16 Undet

TH01 9.3 6, 9.3 9.3 Undet

D13S317 11, 13 8, 13 11, 13 Undet

D16S539 12, 13 11, 12 12, 13 Undet

D1S1338 17, 24 19, 20 17, 24 Undet

D19S433 13, 15 13, 16 13, 15 Undet

Vwa 18, 19 14, 19 18, 19 Undet

TPOX 11 8, 11 11 Undet

D18S51 12, 14 14, 16 12, 14 Undet

Amel x x, y x Undet

D5S818 13 11, 12 13 Undet

FGA 20, 26 21, 23 20, 26 Undet

Figure 3: Average CT values for each body fluid
obtained using RQ-PCR targeting miR-16

Figure 4: DNA profiles obtained using STR analysis
on each body fluid.
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