
.

MATERIALS AND METHODS
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Messenger RNA (mRNA) profiling for body fluid
identification has been proven as a useful tool for
forensic investigations. The technique has been
deemed highly sensitive, confirmatory for several
different forensically relevant body fluids, and can
be performed in parallel analysis to DNA [1,2]. The
development of massively parallel sequencing
(MPS) technologies has allowed for simultaneous
detection of numerous targeted transcripts.
Recently, MPS panels for mRNA profiling have
been developed for BFID [3,4]. Few studies,
however, have applied this technology to
challenging samples.

In this study, an initial evaluation of a customized
mRNA profiling panel was performed using
samples of venous blood, menstrual blood,
semen, saliva, and vaginal secretions exposed to
various deleterious conditions. Stained swatches
placed on a decomposing cadaver as well as
outdoors without protection from precipitation
were collected over a two-week period. Mock
casework samples such as post-coital underwear,
laundered stains with and without machine
drying, swatches placed outdoors with protection
from precipitation, buried swatches, and aged
samples were also collected and analyzed.
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Sample Collection Venous blood, menstrual blood, semen,
saliva, and vaginal secretions (N=3) were collected according to
Sam Houston State University IRB approval. Swatches were
stained with 50 µL of fluid or one whole swab was used per
sample and according to treatment as seen in Table 1.

DNA/RNA co-extraction Samples were extracted with the
AllPrep® DNA/RNA Mini Kit (QIAGEN) according to
manufacturer’s protocol with the addition of 5 µL 14.3 M β-
mercaptoethanol and an incubation of 30 min 70°C with 900
rpm shaking. RNA extracts were treated with the TURBO-free™
DNase Kit (Invitrogen).

DNA Processing The Investigator® Quantiplex® Pro Kit (QIAGEN)
was used to quantify DNA extracts on a 7500 Real Time PCR
System. DNA was amplified using the Investigator® 24plex QS
Kit (QIAGEN). PCR products were separated and detected with
an ABI 3500 Genetic Analyzer. Data were analyzed using
Genemapper® Software v. 5.3 (ThermoFisher Scientific). An
analytical threshold of 100 RFU was applied.

RNA Quantification RNA was quantified using the High
Sensitivity RNA Assay (Invitrogen) on a Qubit™ 2.0 (Applied
Biosystems, Foster City, CA) and the RNA 6000 Pico Kit (Agilent)
on an Agilent 2100 Bioanalyzer.

mRNA Sequencing RNA extracts were sequenced using a
custom mRNA multiplex (Verogen) and a MiSeq Reagent Kit v3
(150 or 300 cycle) on a MiSeq FGxTM Sequencer. Reverse
transcription negatives were run simultaneously run for each
sample. Sequencing was performed over eight runs with % Q30
score averages ranging from 94.4 – 96.6% and 93.8% of clusters
passing filter. Marker thresholds were established as 100 reads
per target minimum and 5% of total reads.

Treatment
Biological 

Sources/ Fluid
Fluids

Time in Treatment/ 
Collection Timepoints

Control 3 VB,SE,SA,MB,VS n/a
Buried 3 VB,SE,SA,MB,VS 3 days
Outside – No Rain 3 VB,SE,SA,MB,VS 1 month
Outside 3 VB,SE,SA,VS Days 1,3,7,10,14
Decomposing 
Cadaver

3 VB,SE Days 1,3,7,10,14

Wash (Air Dry) 3 VB,SE,SA 30 min wash
Wash (Machine 
Dry)

3 VB,SE,SA 30 min wash/45 min dry

Aged 3 VB,SE 37 weeks – 25°C oven
Post-Coital 
Underwear 
(Female)

3 SE,VS As provided

Table 1. Sample treatments for challenging samples. VB – venous blood, SE – semen, SA –
saliva, MB – menstrual blood, VS – vaginal secretions. 

RESULTS AND DISCUSSION

Blood (n=3) Semen (n=3) Saliva (n=3) Vaginal (n=3) Menstrual (n=3)

Control

Buried - 3 days

Outside - No Rain - 1 moth

Outside - Day 1

Outside - Day 3

Outside - Day 7

Outside - Day 10 100%

Outside - Day 14 95-99%

Laundered - Air Dry 90-95%

Laundered - Machine Dry 80-89%

Decomposing Cadaver - Day 1 70-79%

Decomposing Cadaver - Day 3 60-69%

Decomposing Cadaver - Day 7 50-59%

Decomposing Cadaver - Day 10 40-49%

Decomposing Cadaver - Day 14 < 50%

Aged Not Tested

Post-Coital Underwear Cutting 1 Mixture

Post-Coital Underwear Cutting 2 Cadaver Profile
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Outside - Venous Blood Samples
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Outside - Semen Samples
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• DNA profile completeness ranged from 31.1 – 100% (Fig 1)
• Reads attributed to body fluid markers were detected in samples placed outside

• Through 14 days in venous blood samples (Fig 2a) and 10 days in both semen
and vaginal samples (Fig 2b-c)

• High numbers of skin reads in vaginal samples are likely due to cotton swab-self
collection; composition of samples remained similar between donors in vaginal
samples (Fig 2c)

• Venous blood markers were detected in samples placed on a decomposing cadaver
through 14 days (Fig 3)

• Venous blood, vaginal, and menstrual blood samples had 50,000+ reads in samples
placed outside (protected from rain) for one month (Fig 4)

• High levels of markers attributed to semen were observed in post-coital underwear
(Fig 6)

• Inhibition from fabric dye was likely the cause of sample failure for Pair 1 Fig 1. Heat map of STR profile completeness. Each cell represents one sample. 

Fig 2a-c. Composition (primary axis) and total reads (secondary axis) for outside a. Venous blood samples. b. Semen samples. c. Vaginal samples.

a. b. c.

Fig 3 Composition (primary axis) and total reads (secondary axis) for swatches 
placed on a decomposing cadaver. .

Fig 4 Composition (primary axis) and total reads (secondary axis) for swatches 
placed outside underneath polyvinyl sheeting.

Fig 5 Composition (primary axis) and total reads (secondary axis) for cuttings 
taken from post-coital underwear.
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