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Abstract

Current techniques for the forensic identification
of body fluids are either enzyme or protein based. Be-
cause of their labile nature, these substrates are easily
prone to environmental degradation, thereby limiting
their use as a potential source of forensic evidence.
Epigenetic changes, such as DNA methylation and
histone acetylation, can be used for body fluid iden-
tification. Epigenetic markers as DACT1 and USP49
are currently being used for semen identification.
Markers as ¢g26107890 and cg14991487 are used to
differentiate saliva and vaginal secretions from other
body fluids. However, such markers show overlap-

ping methylation patterns. This review article aimed
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to highlight the feasibility of using DNA methylation
of certain genetic markers in body fluid identification
and its implications in forensic investigations.

The reviewed articles have employed molecular
genetics techniques such as bisulfite sequencing PCR
(BSP), methylation specific PCR (MSP), and Multi-
plex SNaPshot Microarray. Bioinformatics software
such as Matrix Laboratory (MATLAB) and BiQ Ana-
lyzer has been used. Biological fluids have different
methylation patterns which allows using DNA meth-
ylation to identify body fluids gives accurate results
consuming minute amounts of precocious biological
evidence material. Recent studies have incorporated
next-generation sequencing (NGS) to discover more
reliable markers that can differentiate between differ-
ent body fluids. Nonetheless, new DNA methylation
markers are yet to be discovered to accurately dif-
ferentiate between saliva and vaginal secretions with
high confidence.

Epigenetic changes are dynamic, and it is impor-
tant to find stable DNA sequences that can be used as
reliable biomarkers for the identification of different

types of body fluids encountered at a crime scene.
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1. Introduction
Identification of biological evidence found at a crime
scene is crucial for forensic investigations. For example,
identification of semen at a crime scene informs the inves-
tigators about the occurrence of a sexual assault, and may
help to identify the perpetrator. Most identification tech-
niques that are presently available are enzyme and protein
based which can be subjected to degradation and tend to
be non-specific and destructive with limited potentials for
further storage of evidences [1]. For example, Phadebas®
test is commonly used for the detection of saliva in foren-
sic specimens. This test, which uses enzyme activity of
the amylase present in saliva [2] is highly presumptive as
amylase can be found in urine, serum, and some plants and
bacteria [3]. Semen is identified by the presence of pros-
tatic acid phosphatase (AP) and prostate-specific antigen
(PSA). The seminal AP, in the presence of alpha-naphthyl
acid phosphate and brentamine fast blue, will produce a
dark purple color in less than a minute, while detection of
PSA is done by immunochromatographic assays using anti-
PSA antibody/antigen complexes [4]. Such protein based
tests have limitations as they can be subjected to degrada-
tion or may exhibit inhibitory effects [3].
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2. Epigenetic changes

All human body cells develop from embryonic stem
cells. Even though all nucleated cells share the same DNA
sequence, they produce different proteins and perform dif-
ferent functions. This difference in gene expression is due
to the epigenetic changes. These changes are functionally
relevant, such as DNA methylation and histone acetyla-
tion [5]. DNA methylation involves attachment of a methyl
(-CH3) group to the carbon 5° of the cytosine ring at the
CpG site (Figure-1). Epigenetic changes also occur due to
environmental exposures, like diet and smoking. In mam-
mals, epigenetic changes are involved in imprinting, re-
programming, gene silencing (Figure-2), X-chromosome
inactivation and carcinogenesis [6].

Several studies have been concerned with the distribu-
tion of the methylated CpG sites within the gene regions
and its possible interaction with the transcriptional machin-
ery of that gene, particularly those methylated islands that
are located around the promoter region of the gene (Fig-
ure-3) [8].

Furthermore, a comparison study of CG islands meth-
ylation patterns across different parts of individual genes
revealed that the promoter areas (TSS1500, TSS200, and
5’-UTR) and the first exon were almost exclusively un-
methylated; however, variable CG methylation levels were
found in the gene body and 3’-UTR (Figure-4) [10]. Such
epigenetic changes can be used as biomarkers for body flu-
id identification to overcome the limitations that arise from
routinely used standard identification tests.

Moreover, Lokk et al., (2014) have shown that there are
tissue-specific, differentially methylated regions (tDMRs)
within the same gene that vary greatly between tissues with
different functions (Table-1). Similarly, an earlier study in

which the CpG island methylation data of sperm and other
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Figure 1- Schematic DNA methylation. DNA methyltransferases use S-adenosyl-
[-methionine (SAM) as the source of methyl groups, producing S-adenosyl
homocysteine (SAH). DNA methyltransferases catalyze the addition of methyl
groups to the 5'-position of the pyrimidine ring of cytosine [7].
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Figure 2- lllustration of the role of DNA methylation in gene silencing.

11 somatic tissues from Human Epigenome Project were
analyzed, has shown that the CpG island methylation pro-
files are highly correlated between somatic tissues, while
the methylation profile in sperm is quite distinct [11].
DNA methylation controls gene expression which in
turn controls various cellular functions [5]. DNA methyla-
tion is a new approach in gene expression studies. Naito et
al. (1993) were the first to use DNA methylation in forensic
genetics [12]. They devised a method for female sex typing
using epigenetics. This method relied on detection of repet-
itive sequence at DXZ4 region, which is highly methylated

on the active X chromosome and hypomethylated on the
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Figure 3- Schematic diagram showing CpG methylation. In the normal cell, promoter-associated CpG islands are predominantly unmethylated (grey)

whereas CpG sites within gene bodies are sparse and generally methylated (red). The panel on the right expands the molecular structure of DNA at an

individual CpG site and shows methylation with a CH3 molecule at carbon 5 of cytosine [9].

inactive X chromosome. This suggested method was very
sensitive as it required only 50 pg of DNA for successful
testing. In the case of sex-reversed individuals, this tech-
nique was proposed as a complementary technique [12].

A more recent study, which involved analysis of DNA
methylation patterns as a distinguishing tool between neu-
ral and non-neural tissues, has suggested that tissue-specif-
ic methylation patterns are a critical aspect of the regula-
tory mechanisms of tissue-specific gene expression during
different phases of development [13].

In addition to the role of DNA methylation in long term
silencing of genes and silencing of repetitive elements (e.g.,

transposons) [14], as well as X chromosome inactivation,

it was also shown that DNA methylation plays an impor-
tant role in the establishment and maintenance of imprinted
genes, suppression of viral genes, and other deleterious ele-
ments that have been incorporated into the genome of the
host over time as well as carcinogenesis [15, 16].

It was suggested that gain of CpG methylation may rep-
resent a feature of cancer cells since methylated cytosines
are highly unstable bases and thus will predispose to gene
mutation. Methylated cytosines are often deaminated and
converted to thymine, which in turn can lead to inactiva-
tion of tumor suppressor genes (TSGs) (e.g. CGA, which
encodes an arginine residue, is changed to TGA, which

specifies a top codon resulting in a prematurely truncated
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Figure 4- DNA methylation distribution in CGI and non-CGl regions. Distribution of DNA methylation in specific gene regions. Each gene region is further divided into
bins that correspond to beta values with 0.1 intervals. The area of each bin corresponds to total number of CpGs. The overall distribution and the mean of beta value of the
CpGs in each gene region are shown as a box plot. (A) DNA methylation is low in promoter areas, but high in non-CGI regions of all gene areas (B). (A-B) The numbers on

the x-axis correspond to total number of CpGs in each gene region; also the x-axis shows different genomic regions, and the y-axis shows the beta values [10].

Table 1- Tissue Specific Differentially Methylated Regions (tDMRs) - Data Summary [10].

. Hypermethylated Hyperme.t hylated Hypomethylated Hypomet.hylated
Tissues blocks with gene blocks with gene
blocks . blocks .
annotation annotation
Adipose
(subcutaneous, 84 65 376 301
abdominal)
Artery (coronary, 380 280 283 219
splenic)
Bone, joint cartilage 129 73 168 104
Bone marrow (red, 175 150 1,300 1028
yellow)
Gastric mucosa 74 54 26 22
Lymph node 56 42 5 3
Tonsils 4,983 3,893 1,072 924
Bladder 379 274 752 566
Gall bladder 65 47 93 66
Aorta 628 453 1120 888
Medulla Oblongata 651 495 349 278
Ischiatic nerve 203 156 1,090 861
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686 DNA Methylation as a Biomarker for Body Fluid Identification

protein on translation (Figure-5) [17].

Moreover, in a recent research involving a genome-
wide DNA methylation profiling of the right coronary
arteries from patients with coronary heart disease, a high
percentage of differentially methylated genes was detected
within different vascular tissues. Additionally, this study
identified hypomethylation of four CpG-sites located with-
in the MIR10B gene sequence in the right coronary artery
in the area of advanced atherosclerotic plaques in compari-

son with the other vascular tissues [18].

3. Potential application of DNA methylation
in forensic science

DNA methylation is involved in complex biological
processes like cell differentiation and aging [6]. Cell dif-
ferentiation is regulated by gene expression which leads
to the development of different types of cells. The gene
expression is in turn regulated by DNA methylation, which
is influenced by environment and age [19, 20]. In forensic
investigations, knowing the origin of biological fluid is of
great importance as it can reveal the type of crime that oc-
curred and help reconstruct it. As each biological fluid is
produced at different locations in the body and for different
functions, they should have differential methylation pat-
terns. This difference in methylation process can be used as
a tool to identify the nature of the biological fluid retrieved
at a crime scene. Most of the body-fluid presumptive iden-
tification tests are enzyme and/or protein based and con-
sume a good quantity of available evidence material [1].
However, using DNA methylation to identify body-fluids
will not only give accurate results but also conserve the
trace amount of biological evidence material that may be

utilized in other forensic investigations such as DNA typ-

ing and sequencing [1].

Another alternative to the enzyme based test is the use
of mRNA from crime scene samples to identify the sample
type; however, mRNA is more prone to degradation due to
the abundant presence of ribonucleases [21]. In contrast,
DNA is more stable, which renders it more useful for bio-
logical sample identification using DNA methylation pat-
tern. Moreover, protein based assays are qualitative and
not quantitative due to which statistical confidence level
cannot be calculated.

DNA methylation, despite being criticized for showing
differential methylation at several loci, in spite of that, re-
cent studies have included new markers that showed either
on or off signal in the target body fluid and thus gave an
added quantitative value [1, 22].

DNA methylation-based identification is similar to the
DNA profiling and requires the same equipment with no
additional training. However, standard body-fluid identi-
fication tests use different protocols and equipment and,
therefore, require skilled expertise [1]. In addition to body-
fluid identification, DNA methylation levels can also be
used to estimate the age, gender and ethnicity of the indi-
vidual. Such information is of great value to either convict

or exonerate a suspect [23-25].

4. Techniques for DNA methylation analysis
The most common method of analyzing DNA meth-
ylation is by chemically modifying cytosine residues using
sodium bisulfate (Figure-6) [3,9, 26]. The non-methylated
cytosine(s) are converted to uracil whereas methylated
cytosine(s) remain unchanged. The speed of bisulfite con-
version can be fastened by using a highly-concentrated
bisulfite solution at an elevated temperature [27]. After
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Figure 6- Schematic representation of DNA methylation analysis technique. Analysis of DNA methylation includes four main stages; denaturation,
bisulphite conversion, PCR amplification and analysis. In the right panel, modifications to the cytosine molecule that occur during bisulphite conversion
are depicted [9].
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688 DNA Methylation as a Biomarker for Body Fluid Identification

chemical treatment, the results can be analyzed using py-
rosequencing. Madi et al. (2012) used bisulfite treatment
to modify the DNA samples and then amplified the region
of interest using PCR. The reverse primers were biotin la-
beled in order to produce biotinylated PCR products which
can be used for pyrosequencing [3].

Methylation SNaPshot, the second most popular ap-
proach in the forensic field, involves the use of the meth-
ylation-sensitive single nucleotide primer extension (ms-
SNuPE) technique. This method has the advantage of
simultaneous analysis of multiple markers by designing
multiplex methylation SNaPshot and thus, methylation lev-
els at multiple CpG sites can be conveniently visualized in
the electropherogram [28].

Park et al., (2014) have used sodium bisulfite treatment
to modify the DNA samples. Modified DNA samples were
then amplified using the InfiniumTM Methylation Assay
kit (Illumina). Amplified DNA was then hybridized to
Human Methylation 450 kTM bead array (Illumina) and
scanned with the [llumina iSCAN system to identify body-
fluid specific DNA methylation markers. Selected marker
candidates were then validated using pyrosequencer [29].

During the last five years, several assays have been de-
veloped that combine different markers in what is called
multiplex SNapshot microarray that is capable of screen-
ing for different DNA methylation markers together in one
process which thus enables investigators to identify various
types of body fluids [29-31].

Another approach for the analysis of methylation pat-
terns is by using restriction enzymes. Some restriction
enzymes will only cut the specific sequence if it is not
methylated. The restriction enzyme approach relies on the

presence of an apt recognition site at the CpG of interest.

The methylation-sensitive restriction enzyme will only
cleave this site when the CpG is not methylated [22]. Was-
serstrom et al. (2013) used forward and reverse primers in
order to amplify CpG Island that contained Hhal recogni-
tion sequence and showed significant difference in meth-
ylation between semen and non-semen samples [32]. The
drawback of using such a method is that some methylated
sequences might not have restriction enzyme sites and the
methylated sequences that are not present in restriction
sites will not be detected [5].

Ultimately, bisulfite genomic sequencing is regarded
as a gold-standard technology for the detection of DNA
methylation because it provides a qualitative, quantitative
and efficient approach to identify 5-methylcytosine at sin-
gle base-pair resolution. Being a fundamental method of
DNA methylation analysis, bisulfite genomic sequencing
has been widely used in various research and clinical set-
tings [33, 34].

To sum up, no single method of DNA methylation anal-
ysis will be appropriate for every application. Investigators
can select the method most appropriate for their specific
research needs based on understanding the type of infor-
mation provided by, and the inherent potential for bias and

artifact associated with each method [35].

5. Available biomarkers

Epigenetic changes are dynamic and they change with
age and environment. It is important to identify candidate
markers that can be used as biomarkers in forensic inves-
tigations. Candidate markers can be identified either by
screening known regions of DNA with high methylation
rate, like CpG islands and promoter regions, or by perform-

ing whole genome analysis [36].
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There are lots of data available showing many prom-
ising candidate markers that can be successfully used to
identify body fluids. Lee et al. (2012) have recommended
DACT]1 and USP49 as good candidate markers for semen
identification [37]. Whereas, Madi et al. (2012) showed
that ZC3H12D and FGF7 gave differential methylation
patterns for semen and can be used for semen identification
[3]. Park et al. (2014) were able to differentiate semen from
non-semen samples using ¢g23521140 and cg17610929 as
biomarkers [29]. Additionally, Frumkin et al. (2011) used
L91762 and L68346 as semen identification markers [1].
Furthermore, Wasserstrom et al. (2013) devised a semen
identification kit (Nucleix DSI-semen kit) using markers
on chromosome 4 (25287119-25287254), chromosome 11
(72085678-72085798, 57171095-57171236, 1493401-
1493538), and chromosome 19 (47395505-47395651)
collectively [32].

Park etal. (2014) screened out markers (cg26107890 and
¢g20691722 for saliva and cg01774894 and cg14991487
for vaginal secretions) that could differentiate saliva and
vaginal secretions from other biological fluids [29]. How-
ever, these markers showed overlapping methylation pat-
terns between saliva and vaginal secretions, and thus more
studies are needed to find reliable markers that can distin-
guish saliva and vaginal secretions from each other. In the
same study, the researchers were able to differentiate blood
from other biological fluids successfully using cg06379435
and cg08792630 as blood specific markers. Additionally,
Madi et al. (2012) successfully differentiated blood from
other biological fluids using C200rf117 as an identification
marker, which is specific to white blood cells [3].

Forat et al. (2016) have selected 9 loci and referred

to them as the most promising differentiating markers.

Waif Arab University for Security Sciences

These markers are cg26285698 and cg 03363565 for
blood, cg09696411 for menstrual blood, cg21597595 and
cg15227982 for saliva, cg14991487 and cg03874199 for
vaginal secretions, and c¢g22407458 and cg05656364 for

semen (Figure-7) [31].

6. Potential uses of DNA methylation as a fo-
rensic tool

The use of DNA methylation for body tissue analysis in
forensic field is relatively new; it was first used by Frumkin
et al. (2011). They analyzed many biological tissues using
genetic loci that give different levels of DNA methylation.
They used 1 ng of DNA with Hhal methylation sensitive
restriction enzyme to analyze DN A methylation levels. Us-
ing the Hhal enzyme, they screened out 38 genomic loci
that gave differential amplification patterns. Loci that had
higher methylation were amplified more effectively than
the loci which had lower methylation [1]. Wasserstrom et
al. (2012) using the same aaproach as Frumkin et al., de-
veloped a kit for the identification of semen using DNA
methylation pattern. This kit is commercially available as
Nucleix DNA source identifier DSI-SemenTM kit and can
replace the microscopic examination of samples used to
differentiate semen from non-semen samples [32]. This kit
employs 5 genomic loci that showed significant variation
in DNA methylation between semen and non-semen sam-
ples. Included in this kit are three additional loci (Chr19:
5572820-5572916, Chr22: 16491586-16491695, Chr2:
52821303-52821462) that are used as controls for Hhal di-
gestion and PCR amplification. Around 135 tissue samples
were used for the validation of this kit [32]. LaRue et al.
(2012) conducted validation study on the DSI- SemenTM

kit, which demonstrated the robustness and reliability of
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Figure 7- Boxplot diagrams showing the discriminant power of the 9 human body fluid markers. They present the methylation rates for 2022 samples
per body fluid. Methylation values identified as outliers are marked with an asterisk. Only the lowest and highest outliers are shown [31].

the kit and showed positive results for semen with as little
as 31 pg of template DNA [38].

Park et al. (2014) conducted genome wide profiling for
various body fluids and were able to identify novel DNA
methylation markers for blood, saliva, semen and vaginal
secretions. The authors were able to perform pyrosequenc-
ing with as little as 10 ng of pre-modified DNA [29].

Lee et al. (2012) studied 5 tissue-specific differential-
ly methylated regions (tDMRs) to differentiate body flu-
ids. Out of these 5 tDMRs, two regions were for the gene
DACT1 and USP49, which were reported as semen spe-

cific markers in previous studies [37]. The tDMRs from

DACT!1 showed 93% unmethylation for semen samples
but hypermethylation in other body fluids (blood, saliva,
menstrual blood, vaginal fluid). On the other hand, tDMRs
from USP49 showed hypomethylation in 97% of clones
from semen and hypermethylation in other body fluid
samples [37]. The other 3 tDMRs were selected as candi-
dates for blood specific markers. These 3 tDMRs (HOXA4,
PFN3, and PRMT?2) showed varying methylation profiles
for the body fluid samples. The tDMRs of PFN3 showed
80% methylation of CpG loci for all body fluids and 65%
methylation of CpG loci for vaginal fluid. The tDMRs of

PRMT?2 showed hypomethylation for semen samples and
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Figure 8- Results of mixture experiments for both peripheral blood markers.
The specific reaction of Blutl (left) and Blut2 (right) with blood DNA in a
mixture with DNA of the remaining 4 fluids is shown. Both markers are diplex
assays. 100% mixture + 0% blood (1), 80% mixture + 20% blood (11), 60%
mixture + 40% blood (111), 40% mixture + 60% blood (IV), 20% mixture +
80% blood (V), 0% mixture + 100% blood (VI). Blutl is umethylated in pure
peripheral blood (green and red signal). Blut 2 is methylated in blood (blue
and black signal) [31].

hypermethylation in more than half of samples from men-
strual blood and vaginal fluid. This study suggested the use
of tDMRs from DACT1, USP49, PRMT2, and PNF3 to
differentiate semen from vaginal fluid. The tDMRs from
DACt1 and USP49 can be used for semen identification
[37].

Madi et al. (2012) studied 4 markers (C20orf117,
BCAS4, FGF7 and ZC3H12D) to differentiate body flu-
ids (blood, semen, saliva/buccal cells). Gene C20orf117
showed hypermethylation for blood, mainly white blood
cells, and successfully differentiated it from other samples.
Marker ZC3H12D showed hypomethylation for semen
samples and successfully differentiated it from other body

fluids. Marker BCAS4, which showed hypermethylation

with semen samples in previous studies [39], also gave
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hypermethylation with saliva samples. The study used sa-
liva samples that included epithelium lining of the inside
of the cheek. The methylation profile generated for saliva
samples were inclusive with epithelial cells of the buccal
cavity. The marker FGF7 gave higher methylation values
for semen samples than other body fluids. The authors sug-
gested that FGF7 marker can be used to successfully dif-
ferentiate semen samples from other body fluids [3].

In 2014, Wu et al. investigated the correlation of DNA
methylation levels in blood and saliva in young girls and
found that methylation levels in saliva DNA were generally
much lower than those in WBC DNA. They concluded that
different DNA sources should be investigated separately
for DNA methylation studies [40].

More recently, Forat et al. (2016) were able to dif-
ferentiate between blood and semen using two reciprocal
markers for each body fluid. One of each pair of markers
is specifically methylated in its corresponding body fluid
while it is unmethylated in all other body fluids, whereas
the other marker is specifically unmethylated in its target
body fluid and shows methylation in all other body fluids.
This approach allowed better analysis of complex mixtures
with high sensitivity (Figure-8) [31].

Moreover, choi et al. (2014) have developed a success-
ful multiplex protocol that enabled identification of semen
as well as detection of certain bacterial DNA that further

allowed identification of saliva and vaginal fluid [41].

7. Conclusion

Epigenetics is a new field with only a few decades of
research, and the use of epigenetics in forensic science is a
recent approach. Epigenetic changes of an individual DNA

differ with age and environmental changes, a fact which

e e S\ﬁw_w/
Arab Society for Sorensic Sciences and Sorensic Wedicing S




692 DNA Methylation as a Biomarker for Body Fluid Identification

makes it important to select stable DNA sequences that can
be used as biomarkers for forensic purposes. More com-
prehensive studies on epigenetics are required which can
find more stable epigenetic markers for forensic applica-
tion. Such studies will also reveal the function of DNA
methylation in cell differentiation and aging and help better
understand these complex biological processes, which will
enlighten an array of epigenetic applications in forensic
fields. Previous studies were unable to find unique markers
that can differentiate saliva from vaginal secretions. There-
fore, further studies are still needed that might incorporate
next-generation sequencing to find out more reliable mark-
ers that can differentiate between saliva and vaginal secre-

tion samples with greater accuracy and precision.
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