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ABSTRACT

Introduction: proper detection and analysis of the biological evidence is a crucial
matter for crime scene reconstruction and the most promising method for tissue
determination is the analysis of differential DNA methylation patterns according to cell
or tissue type. These patterns are chemically and biologically more stable thus
representing a more reliable identification tool. Identification of semen and sperms are
particularly important, especially in sexual assaults, where sperms are the source of DNA
in the human ejaculate. In practice, sperms isolated from sexual assault evidence lose
most of their distinctive sub-cellular organelles upon which morphological identification
depends. AIM OF THE Research: to identify stability of the FGF7 marker in stored
seminal specimens. MATERIAL and METHODS: 15 seminal specimens stored for over
10 years were used along with 5 fresh samples for FGF7 assessment. Results and
Conclusion: DNA methylation proved to be a stable marker for both fresh semen and
stored semen samples.

KEYWORDS: Epigenetic; DNA methylation; differential DNA methylation; FGF7;

forensic detection of sperms; bisulphite conversion.

INTRODUCTION
DNA profiling and Epigenetics
At crime scenes, biological material
such as blood, saliva and semen help
forensic doctor’s link suspects to a specific
crime with DNA extraction being the first
step providing a profile of the suspect. This
DNA profile does not give any information
about the source of the cells of DNA in
question. Therefore, many techniques were
studied such as mRNA, micro RNA,
immune-based  assays  and DNA
methylation (Zubakov et al., 2010; Lee et
al., 2011; Harbison and Fleming, 2016).

Epigenetic markers, being more stable
than mRNA, were studied. Although the

DNA sequence (genotype) is identical in
each cell, its epigenetic profile (phenotype)
is not, leading to the result that each cell
has its own unique epigenome. Epigenetic
modification is a naturally occurring
process needed for a good functioning
genome and its transcriptional regulation.
These markers are also associated with
genomic imprinting, cell memory and X-
inactivation.  Epigenetic changes are
controlled by DNA methylation, histone
modification and non-coding RNA-
associated gene silencing (Paliwal et al.,
2010; madi et al., 2012).

The fate of each cell is controlled by
epigenetic profiles, as they transform, by
activation and suppression of particular
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sets of genes, from simple fertilized eggs
to more functionally and metabolically
specialized cells. These genes are
responsible for the functional and
morphological features of different cells
(Friedl et al., 2012; Madi et al., 2012).
According toSabeeha and Hasnain
(2019), these changes are characterized by:

e Being spontaneous is induced by
environmental factors (nutrition, aging) or
as a consequence of mutations.

e Changes may last through cell
divisions until the cell's death or it may
continue through several generations even
if it does not cause changes in the
underlyingg  DNA sequence of the
organism.

e They change the way genes behave,
but not the genetic code sequence of DNA;
it is the associated chromatin protein that
becomes modified leading to gene
activation or silencing thus enabling
differentiated cells to only express genes
necessary for their activity.

e If gene inactivation occurs in a
sperm or egg cell resulting in fertilization,
then these epigenetic changes can be
transferred to the following generation,
otherwise these changes may be preserved
through cell division and only occur in an
organism's lifetime. However, changes
may be the result of DNA damage, which
occurs about 60,000times/day/cell.
Damages are repaired, but at the site of this
repair, epigenetic changes can remain.

2. DNA methylation

This is a functional change to the
genome but does not change nucleotide
sequence where it only alters gene
expression. It is the addition of a methyl
group to the 5™position of the cytosine ring
in  CpG (cytosine-phosphate-guanine)
dinucleotide, a reaction catalyzed by DNA
methyl transferase. It inhibits gene
expression aiming at specific locations of
the CpG dinucleotide clusters (CpG
islands). These islands are more than
500bp in length and are associated with

promoter regions in the genome. They
generally contain a greater number of CpG
sites than expected. De novo methylation
occurs in germ cells or early embryo stages
leading to uniqueness of methylation
patterns in different tissues. These patterns
are chemically and biologically more
stable representing a better identification
tool than RNA or proteins (Forat et al.,
2016; Richards et al., 2019).

2.1 Differential DNA methylation

According to cell type, chromosome
segments  (tissue-specific  Differentially
Methylated Regions (tDMRs)) show
different methylation profiles. Thus,
methylation status at a certain CpG site
helps identify cell type. Methylation
patterns at tDMR sites are stable and
specific  rendering  them  excellent
identification markers.

2.2 DNA methylation analysis
(Bisulphate modification)

Since DNA polymerase cannot
differentiate between both methylated and
unmethylatedcytosines, therefore direct
DNA sequencing cannot determine
methylation patterns. Bisulphate
conversion is the best method for
determining a DNA methylation profile of
unique regions, which is a reaction, based
on selective de-amination of cytosine with
sodium bisulphate. It is a reaction specific
to unmethylatedcytosines but not 5-
methylcytosine nucleotides. This reaction
leads to 2uncomplementary DNA strands
ending up in analyzing single strands (Lee
et al., 2011; Richards et al., 2019).

Bisulphate modification leads to the
conversion of unmethylatedcytosines into
uracils followed by being amplified as
thiamines; they also lead to the conversion
of methylated cytosines into cytosines.
Methylated and unmethylatedcytosines are
detected using DNA sequencing. This
method can be coupled with methylation-
specific PCR using specific primers that
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anneal to sites where bisulphate converted
DNA exists. Application of bisulphite
DNA conversion on genome DNA can
provide detailed methylation information
of every CpG island. The only drawback is
the need of large DNA quantities because
DNA loss and degradation occurs during
the process of bisulphate conversion. This
problem has been overcome and
conversion occurs nowadays with samples
as little as 1ngm of DNA. This conversion
IS a step prior coupling with other methods
for successful methylation determination
(Lee et al., 2011; Xu et al, 2012;
Hernandez et al., 2019).

Methylation analysis begins with
bisulphate  modification  where it
differentiates  methylated from  un-
methylated cytosine bases at CpG sites. It
converts un-methylated CYTOSINE to
URACIL and amplification of modified
DNA converts URACIL - THYMINE.

Methylated Cs 2> Ts

Un-methylated Cs 2> Us

According to Tanaka and Okamoto
(2007), post-PCR detection of Cs and Ts
indicates  methylation  pattern  and
according to their relative numbers at a
specific site, the methylation pattern can be
detected as follows:

o If 10 out of 10 nucleotides at
this position is ‘C’, then the DNA is 100%
methylated at this position.

e If 3 out of 10 nucleotides at this
position is ‘C’, then the DNA is 30%
methylated at this position.

3. Body fluid identification

Differential DNA methylation, mMRNA
and miRNA are used as tools for body
fluid identification. Enzymatic and
immunological tests are usually used for

the identification of tissue-specific proteins
since they require the presence and activity
of specific proteins. Degraded proteins
lead to the degradation of the biological
material, which in turn leads to false
negative results (Frumkin et al., 2011).

Protein-based tests determine the
presence or absence of certain tissue
proteins only, but composition of mixed
samples and connection to short tandem
repeats (STRs) obtained from these
samples is not addressed. Another
drawback is cross reactivity to non-specific
targets which are not always human-
specific. Weak positive signals are
detected when extracted samples are of
low amount making them hard to interpret.
Body fluid stains are usually invisible, in
minute amounts or in mixtures leading to
difficult identification. DNA methylation-
based assay is a method that will not
consume additional samples and it can
solve cases from which only DNA was
retained (Grskovic et al., 2013; Gomaa
and Salehi, 2017).

In sexual assault cases, location of
seminal stains and semen identification
(presumptive by detection of acid
phosphatase and confirmatory by detection
of prostate specific antigen) is crucial
followed by Staining and identification of
spermatozoa. DNA typing is necessary and
in spite of its specificity, it might be
difficult in cases where evidence is in low
amount or degraded (of low quality) and it
might suffer low specificity if the sample
is contaminated(Allery et al., 2001).

4. Fibroblast
(FGF7)

This gene encodes a protein that is a
member of the FGF family, which
possesses mitogenic and cell survival
activities. A previous research, done by the
same author together with some of the
colleagues (Elmahdy et al., 2016),under
the title “Molecular Assessment of DNA

Growth Factor
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methylation Profiling for Body Fluid
Identification in  Medical Forensic
Application” was done at the Department
of Forensic Medicine and Clinical
Toxicology, KasrAlainy school of
Medicine, Cairo  University  which
compared DNA methylation between
different body fluids (saliva, semen, blood)
where FGF7 in semen showed relatively
greater methylation values. According to
other researchers, FGF7 showed low
methylation levels in epithelial tissue,
blood and saliva rendering them
indistinguishable. On the other hand,
semen showed higher methylation values
across the CpG sites with a conclusion that
this marker is more appropriate for
detection of semen(Madi et al., 2012;
Zinkle and Mohammadi, 2019).

MATERIAL & METHODS

. Initial tests used 5 semen
samples (freshly obtained) to determine the
marker specificity. Fifteen semen samples
stored for 10 years in fabric and at room
temperature in a clean dry place were
alsotested to determine if the pattern of
methylation remained constant during
long-term storage.

DNA Extraction:

It was extracted utilizing nucleic acid
extraction kit (NucleoSpin®) as follows:

e Cells lysis: 350ul buffer RAL +
3.5ul of B-mercaptoethanol+ 200l of each

Table (1): Primers used for analysis of DNA methylation.

sample and vortex vigorously to perform
lyaste.

e Lysate filtration: to reduce
viscosity and clear lysate filtrate,
NucleoSpin®Filter was added to collection
tube (2ml) and centrifuged at 11,000 rpm
for 1 min.

e Adjustment of DNA binding
conditions: NucleoSpin®Filterwas
discarded and 350l of 70% ethanol +
lysate and mixed by up and down pipetting
(5 times).

e DNA binding: NucleoSpin® DNA
column was placed in collection tube
loaded with lysate and centrifuged for
30sec at 11,000rpm.

e Washing and drying silica
membrane: first wash was done by adding
600ul buffer RA3 to DNA column and
centrifuged. The flow-through  was
discarded. A second wash was done by
adding 250ul buffer RA3 to Column and
centrifuged for 2 min until complete
dryness.

e DNA elution: into a nuclease free
collection tube, 1.5ml of column was
placed; DNA was then eluted in 60ul
DNase-free H,O and centrifuged for 1 min.

Primers:

Sequence  of  usedoligonucleotide
primers for DNA methylation analysis are
shown in the following table.

FGF7 F:GGGTTTATATGTATTATTTGGTGGT ACO087742.9
R:CATTATATACTCCTCAAAACACACAC
B-actin  F:-TGGTGATGGAGGAGGTTTAGTAAGT AP013035.1

R:ACCACCACCCAACACACAATAACAAACACA

Bisulfite DNA Conversion:
Methylation status was determined
using  sodium  bisulfite.  Bisulfite

modification of extracted DNA was done
using EpiTect Bisulfite Kit as follows:

DNA was thawed and for dissolving the
bisulphate mix, 800ul RNAse-free water
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was added to each aliquot, then vortexed

until completely dissolved (up to 5 min).

Bisulfite reactions were prepared in 200ul

PCR tubes. The following was added

a. 1-2jug DNA solution

b. RNAse-free water to 20ul total (DNA
+ water must be 20ul)

c. 85ul dissolved bisulfite mix

d. 35ul DNA Protect Buffer

Storage of the tubes occurred at room

temperature.

As an indication of sufficient mixing and

correct pH, DNA buffer turns from green

to blue after the addition of DNA-bisulfite

mix.

Tubes are then placed into thermal cycler

and the program was started.

Quantitative real time PCR assessment:
DNA undergoing bisulphate modification
was used as a template for fluorescence-
gPCR(Braitet al., 2012).Reaction mix
samples were then applied in real time
PCR.

Table (2): 9gPCR reaction  mix

components.
Reagent Volume Final .
concentration
2x SensiFAST™
SYBR®Hi-ROX | 10pl 1x
Mix
10 pM_forward 0.8l 400nm
primer
e ”M. reverse 0.8ul 400nm
primer
Up to
H:0 16pl
Modified DNA oul
template H

20pl Final volume

Methylation Analysis:

Samples were measured as triplicates
on each PCR run using the universal
methylated human DNA standard (Zymo
Research) and semen DNA as sample.
Quantitative methylation was performed to

detect and quantify the studied methylated
genetic marker in human methylated recent
and old semen samples. This technique
allows accurate quantitative assessment of
DNA methylation. Success of the PCR
amplification was assessed with 1.5%
agarose gel electrophoresis. The relative
quantitation (RQ) of methylation is
quantified according to the calculation of
delta-delta Ct (AACY).

The RQ of each gene was calculated
by taking 24" as follows:
AACt=
[(Ct target-Ct reference) of sample] —
[(Ct target-Ct reference) of control]
Where:
Ct target sample: Ct value of required gene
in tested sample.
Ct reference sample: Ct value of gene of
reference in tested sample.
Ct target control: Ct value of required
gene in control DNA.
Ct reference control: Ct value of gene of
reference in control DNA.

RESULTS
In this research, FGF7 (semen
specific epigenetic marker) was selected to
differentiate between recent (5 samples)
and 10year old semen samples (15
samples).
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Table (3): mean and standard deviation compared between recent and old semen samples.
Epigenetic Mean +SD Recent samples 10 year old P-value
marker samples
Mean 28.6 25.44
FGF +SD +6.42 2.7 0.9647
In addition, Receiver Operating

Table (3) showed no statistically
significant difference between both recent
and 10year old semen samples where the p
value 0.9647 (statistical significance
occurs at p<0.05).

Characteristic Curve (ROC curve) analysis
was performed and area under the curve
(AUC) values was evaluated. FGF7
showed good sensitivity and specificity
which can serve as a good molecular
marker for semen discrimination at crime
scenes.

Table (4): showing sensitivity and specificity of FGF7 in semen identification.

95% confidence interval P o
AUC p-value Lower bound [Upper bound Cut-off value | Sensitivity % | Specificity %
0.839 <0.001 0.774 0.901 0.7961 82.2 74.1

ROC Curve

Sensitivity

oo T T
oz o4

1 - Specificity

T
0.5 o8 10

Diagonal segments are produced by ties

Fig. (1): ROC curve for detection of semen
using FGF7.

DISCUSSION

DNA methylation is an investigative
lead that solves crimes in forensic genetics.
Identifying body fluids that utilize tissue-
specific DNA methylation can contribute
to solving crimes by predicting the activity
that led to evidence material deposition
(Lee et al., 2016). Tissue of origin is the
main difference in methylation profiles
from different samples, regardless of its
origin, whether the same or different
individuals (Ziller et al., 2013; Jiang et
al., 2015).

In the present study, the potential of
DNA methylation for semen was
examined. FGF7 was selected, and DNA
methylation profile was produced by
bisulfite treatment using pooled seminal
DNA. Several studies applied DNA
methylation in body fluid identification but
each study processes its own methodology
and its own DNA methylation markers that
differentiate it from other studies. Results
proved that FGF7 methylation values were
the same when comparing recent and 10
year old semen samples.

As for the specificity of FGF7 to
semen, Madi and his colleagues (2012)
examined a few genomic loci using
bisulfite modification and pyrosequencing.
Different  biological samples  were
collected and methylation patterns at
ZC3H12D and FGF7 loci succeeded in
differentiating  sperms  from  other
biological samples.

Using pyrosequencing, Fu and others
(2015) studied venous blood, saliva,
semen, menstrual blood and vaginal fluid
using 5 tDMRs for BIK, CYTH4,
GAS2L1, MDFI, and OSM genes. Semen
was successfully differentiated from other
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body fluids using CYTH4-G-6 (6"CpG
site of the gene CYTH4). Sources of these
body fluids were identified in 78% samples
with good sensitivity and specificity. As
for age and gender, no differences were
found regarding the assays.

Since the time when Illumina’s
Human Methylation450 (450K) Bead Chip
array provided methylation profiles at
more than 450,000 CpG sites using
genomic DNA quantities as little as 0.5 ug,
researchers reported CpG markers that
showed differential DNA methylation
patterns in different types of body fluids
based on the array results (Lee et al.,
2016).

Park and other researchers (2014)
investigated novel DNA methylation
markers (cg23521140 and cg17610929) for
detection of semen to be utilized in
forensic science and were evaluated using
pyro sequencing that showed high
sensitivity and specificity for identification
of the target body fluid. Lee and his
colleagues  (2015) also identified
cg17610929, cg26763284 and cgl17621389
markers for semen using similar approach.
Both studies suggested that cg17610929
was a semen-specific marker.

However, the comparison between
recent and old male semen samples
denoted that FGF7 showed no significant
difference between both groups.

CONCLUSION

. FGF7 marker displays a
specific methylation pattern in semen
samples.

* In comparison to recently collected
samples, samples collected 10 years before
the date of the study showed the same
methylation pattern.

« The process of  bisulphate
modification, PCR amplification and pyro-
sequencing is highly feasible offering rapid
results after short time (as short as 2 days).

RECOMMENDATIONS

Further studies should be done to
identify:

. Different species.

» Body fluids in contaminated and/or
mixed samples.

* Body fluids present in minute
amounts.
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