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Abstract

Sexual assault samples are among the most frequently analyzed in a forensic laboratory. These accounts for
almost half of all samples processed routinely and a large portion of these cases remain unsolved. These samples
often pose problems to traditional analytic methods of identification because they consist most frequently of cell
mixtures from at least two contributors: the victim (usually female) and the perpetrator (usually male). In this study
we prepared simulated sexual assault samples and conducted amplification and DNA genotyping from sperm cells
collected with laser microdissection at different time intervals to assess the DNA degradation at those intervals.
Furthermore, we then investigated the possibility of recovering mtDNA from the collected sperm cells, particularly in
cases where autosomal DNA was not suitably amplified. With this work we determined that it becomes possible to
extend the timeframe for performing an analysis, by researching other sources of DNA, namely mtDNA.
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Introduction
Forensic casework consists, among other tasks, in solving sexual

assault cases. Most of these cases are perpetrated by a male unknown
individual, and the victim is a female [1]. The sexual samples to
analyze involve of a mixture between these two contributors. The male
portion consists mainly of semen, whereas the female contribution is
mainly epithelial cells. For successfully solving these cases, forensic
laboratories must resolve the individual profiles from both victim and
perpetrator. This can be achieved either by performing separation of
the different fractions in the mixture sample, with the commonly used
differential extraction procedure [2] or less common laser
microdissection [3] or by analyzing the whole sample and statistically
resolving the individual genetic profiles from a mixture result.

However, collecting biological samples beyond 72 hour after the
occurrence greatly diminishes the chances of recovering the DNA
profile from the perpetrator [4]. Sperm cells start lysing and the DNA
becomes increasingly degraded, rendering an analysis impossible.

Although autosomal DNA becomes rapidly degraded, mtDNA is
more resistant. This small, circular genome is found in the
mitochondria, small organelles that are present in every cell. With
multiple copies of mtDNA in each mitochondrion and several
mitochondria per cell, the amount of mtDNA copies per cell far
exceeds the single copy of autosomal DNA in the cell. Furthermore, the
double membrane of the mitochondrion and the circular structure
(without open ends) of mtDNA act as protective agents against the
degradation processes. For these reasons, in cases with old and
degraded samples mtDNA can be the single, recoverable DNA profile

[5]. In sperm cells, mitochondria are located in the middle piece of the
cell, between the sperm head and its tail.

With this work we aimed to investigate the possibility of recovering
mtDNA from laser microdissected sperm cells, beyond the 72 hour
mark, in experimental mixtures.

Material and Methods
Six experimental samples were prepared using 200 µl of semen and

800 µl of female saliva. The samples were left to incubate at room
temperature and 50 µl aliquots were collected at different time
intervals: 48 hour, 72 hour, 96 hour and 144 hour. Samples were
collected under informed consent from two healthy volunteers. The
study was approved by the Ethics Committee of the National Institute
of Forensic Medicine and Forensic Sciences, IP and the Health Ethics
Committee of the Hospital Center of Sao Joao.

The aliquots were then smeared onto a microscopic slide, with a
special PET membrane (polyethylene terephthlatate) (MMI membrane
slide) and fixated with alcohol 95% (v/v). The Sperm Hy-Liter Express
(Independent Forensics) (SHL) was used to stain the samples
according to the manufacturer’s instructions, except for the final
(optional) mounting procedure. Nuclei from both epithelial and sperm
cells were visualized using DAPI-compatible fluorescence filters.
Human sperm heads were visualized using fluorescein or Alexa 488
compatible filters.

Laser microdissection
Laser microdissection was conducted in an Olympus Cell Cut

Inverted Microscope with a fluorescence module attached. The MMI
Cell Tools® software was used to command visualization,
microdissection, capturing and reporting cells of interest. The
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procedure included a full slide scan for each slide with a 4X objective.
Cutting was performed with the 20X objective for Sperm Hy-Liter
stained samples. Microdissected sperm cells were automatically
captured (glued by the mounting membrane) directly onto MMI
Isolation Caps of 0.5 ml microtubes without any kind of manipulation,
thus preventing sample contamination by the operator. Approximately
500 sperm cells were selected to be captured per slide. Captured sperm
cells were microscopically inspected whenever necessary during the
procedure to confirm integrity and relative position of the samples on
the MMI Isolation Cap.

DNA extraction
Extraction was performed using the Arcturus PicoPure DNA

Extraction kit (Applied Biosystems - USA). This extraction kit was
selected because it was specifically designed for LMD samples and
provides a DNA yield of up to 100% in such samples. The portion of
the cap where cells were present was removed with a sterile scalpel
blade and placed into a 0.2 ml microtube containing 40 µl of the
extraction solution. The samples were incubated for 3 hour at 65°C and
the proteinase K was inactivated at 95°C for 10 minutes.

DNA amplification and genotyping
Autosomal DNA was amplified using GlobalFiler® PCR

Amplification Kit (Applied Biosystems – USA). Each sample was
amplified using 3,75 µl of Master Mix, 1.25 µl of primer set, 2 µl of
DNA and 5.5 µl of TE (Tris-EDTA) buffer. Thermal cycling was
performed on GeneAmp 9700 Thermal Cycler (Applied Biosystems –
USA), with initial incubation of 1 minutes at 95°C, 29 cycles of
denaturation (10 second at 94°C) and annealing/extension (90 second
at 59°C) and a final extension of 10 minutes at 60°C. For mtDNA,
amplification was performed for the HV1 region, with a nested PCR.
Successful fragment amplification was verified with the use of a
QIAxcel Advanced (Qiagen). mtDNA samples were amplified using 10
µl of Taq Plus (Qiagen) Master mix, 0.5 µl of forward primer, 0.5 µl of
reverse primer, 2 µl of sample DNA and 7 µl of amplification grade
water.

Primers used in the reactions were: F15989
(CCCAAAGCTAAGATTCTAAT) and R16443
(TTGTGCGGGATATTGATTTCAC) for the first amplification (HV1).
Amplification settings were a first incubation step of 5 minutes at 95°C,
followed by 40 cycles of denaturation (95°C for 45 second) primer
annealing (58°C for 1 minutes) and elongation (72°C for 1 minutes)
and lastly a 72°C for 10 minutes final elongation step. DNA was then
treated with ExoSAP (5 µl) (37°C for 40 minutes and 80°C for 20
minutes). The nested amplifications were performed using F15989
(CCCAAAGCTAAGATTCTAAT) with R16248
(GTTGCAGTTGATGTGTGATAG) for the first half of the HV1
region (HV1-a) and F16094 (TCGTACATTACTGCCAGYC) with
R16443 (TTGTGCGGGATATTGATTTCAC) for the second half of
the HV1 region (HV1-b). Samples were again treated with 5 µl of
ExoSAP. All thermocycling operations and sequencing reactions were
carried out in a 9700 thermocycler (Applied Biosystems).

Mitochondrial DNA sequencing reactions were performed with the
BigDye v3.1 amplification kit from Applied Biosystems® using the
above mentioned primers for HV1-a and HV1-b. The reaction was
executed using 1.5 µl of Master Mix, 1 µl of primer, 2 µl of amplified
sample and 5.5 µl of amplification grade water, under the following
conditions: 25 cycles of denaturation (96°C for 10 second) and primer

annealing (50°C for 5 second) and extension (60°C for 4 minutes).
After the amplification samples were treated (to remove
unincorporated bye terminators and salts) with BigDye XTerminator®
Purification Kit, according to the manufacturer instructions.

Autosomal DNA samples were prepared for capillary
electrophoresis using 0.5 μL of fifth dye-labeled size standard
(GeneScanTM Liz 600 Size Standard), 12.5 μL of Higly Deionizied
Formamide (Hi-Di™ Formamide) (Applied Biosystems – USA), and 1
μL of sample or GlobalFiler allelic ladder. Injection conditions for the
3500 Genetic Analyzer (Applied Biosystems – USA) used 1.2 kV and
12 seconds for injection. The analysis employed a minimum threshold
of 15 RFU for the 3500 Genetic Analyzer, using the GeneMapper ID-X
v1.2 analysis software. Mitochondrial DNA sequencing analysis was
performed in a 3130xl Genetic Analyzer, using 10 µl of sample and 6
μL Hi-Di™ formamide. Results were analyzed using Sequencing v5.4
and SeqScape v3.

Results
Amplification with the GlobalFiler kit was performed to determine

the recoverability of male autosomal DNA at different time intervals.
At 48 hour, DNA quality is already very low, but a full profile was
recovered.

Figure 1: Examples of electropherograms obtained when DNA was
amplified with the Globalfiler kit. From top to bottom: Male
contributor profile; female contributor profile; mixture sampling at
48 hour; mixture sampling at 72 hour, mixture sampling at 96 hour.
The values associated at each peak represent allele number, allele
size (in bp) and peak height (in RFU).

However, due to stochastic effects, low template DNA available and
contamination from the female contributor, a mixture appears at
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certain loci. At 72 hour some loci and some alleles begin to drop-out.
Only the combination of multiple samples allowed the recovery of a
complete male profile. 96 hour after the mixture preparation, there is a
lack of results at multiple loci, particularly the ones that are the result

of amplification of longer fragments. Finally, after 144 hour, no
amplification was obtained (Figure 1). These results are consistent to
what is described in the literature [6,7] and provide some context to
the following analysis of mtDNA recovered from the sperm cells.

Figure 2: Results obtained by amplification and sequencing of mitochondrial DNA. Heteroplasmy was found in the position 16192, marked in
red.

Mitochondrial DNA extraction and nested HV1 sequencing yielded
results all the way up to 144 hour after the sample preparation. The
only mutation found in the HV1 region was a heteroplasmy in the
position 16192 C>Y, when compared to the Revised Cambridge
Reference Sequence (rCRS) (figure 2). Sample donors have different
haplotypes and the found haplotype belongs to the male contributor.

Discussion and Conclusions
With this work we aimed to prove the feasibility of amplifying

mtDNA from sperm cells collected by laser microdissection. We used
the GlobalFiler amplification kit to ensure the correct amplification of
autosomal DNA. The results obtained are according to the described in

the literature: after 72 hour, obtaining a complete male genetic profile
from a mixture sample is almost impossible. In those cases, mtDNA
recovery and amplification can be an alternative, in order to obtain
some genetic information regarding the perpetrator of a sexual assault.
Exploratory work was performed to determine if other regions of the
mtDNA chain could be successfully amplified. Our results show that
HV2 and HV3 can also be recovered.

Straight-forward exploratory amplification of HV1 fragments was
achieved with mixed results in all cases. When confirming the
amplification with the QIAxcel, some fragments returned a good
amplification signal while some samples returned a weaker signal. This
happened mainly because we were working with low template DNA. In
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those situations, even with DNA of good quality, some amplifications
may not yield any results due to stochastic effects. Nevertheless, DNA
was not in sufficient quantity to immediately perform the sequencing
analysis. In order to increase the amount of DNA for analysis and
further purify it, we opted to perform a second, nested PCR.

A nested PCR greatly increased the number of available fragments
for analysis and sequencing results were obtained 144 hour after the
experimental mixture sample preparation.

With this work we determined that it is possible to recover some
genetic information from biological samples, namely sexual assault
cases, beyond 72 hour after the occurrence. DNA may be degraded
beyond possible salvage of any autosomal marker, but other markers
may be retrieved, such as mtDNA or even SNPs (Single Nucleotide
Polymorphisms). Good separation techniques prior to DNA
amplification or even extraction must be in place in order to resolve
male and female contributions. Failure to do so may result in obtaining
uninterpretable mixture profiles.
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