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ABSTRACT

Background and rationale:

Semen is one of the most common body fluids found at the crime scene.

Protamine-1 (PRM1), Protamine-2 (PRM2) and semenogelin-1 (SEMG1) are

specific mRNA markers found only in semen so if it is possible to detect these

markers in a forensic specimen by RT-PCR, this could be helpful to verify the

presence of semen.

Aim of the Work:

This work aims at identifying semen from other body fluids in forensic samples by

molecular assessment of specific RNA biomarkers

Subjects and methods:

Semen samples were collected from 50 inpatients at the andrology section and

outpatients at the andrology clinic that were divided into 3 main groups including:

normozospermic, oligozospermic and azoospermic groups and only 10 blood

samples were taken from the same patients to assess the presence of the markers

in blood. The next steps of work were RNA extraction from semen and blood, PCR

amplification of genes, detection of the amplified gene using agarose gel

electrophoresis and performing gene expression analysis of the 3 genes using

quantitative RT-PCR.

Results:

(PRM1), (PRM2) and (SEMG1) were only detected in semen samples and were

totally absent in blood samples. PRM1 was the most specific and reliable marker

for semen identification followed by PRM2 and SEMG1 was the least specific.

These markers are not only used for identification but also for detection of the
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semen profile of the suspect. There was a direct positive correlation between sperm

count and RNA expression. Light and humidity are detrimental factors for RNA

stability.

Conclusion and Recommendations:

Each tissue or cell type makes a unique constellation of mRNAs, some specific for

only that tissue or cell type. Therefore, analysis of the “RNA profile” in a sample

can uniquely identify the fluid or tissue of origin.

RT- PCR is valuable in semen identification by gene expression analysis of

PRM1, PRM2 and SEMG1. PRM1 is the most specific and reliable marker used

for semen identification. Light and humidity are important factors affecting RNA

expression.

Key words:

Semen, Identification, RT-PCR, Protamine-1, Protamine -2, semenogelin-1, RNA

stability
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INTRODUCTION

Forensic identification consists of two major steps. First, a determination must

be made as to whether the questioned and the known marks are

indistinguishably alike. The second step is to evaluate the meaning of their

appearing indistinguishably alike. The first step might seem straightforward,

but it is fraught with error risks. In forensic odontology, skin might be

temporarily stretched or compressed at the time a bite is inflicted, and

examiners must try to account for whether and how much that altered the

appearance of a bite. Examiners must avoid mistaking class characteristics for

so-called individualizing characteristics (Thompson and Cole, 2007).

They must distinguish differences that are real ‘‘unexplained’’ from those that

are artifactual (differences are always present; examiners must decide what to

make of them). These and other problems were explained in greater detail by

Bowers(Bowers,2010). For most areas of forensic identification, all of this is

entirely subjective, which means that there are no objective standards to guide

these judgments. Solutions to these problems can be found. For example,

research is being conducted in an effort to make the evaluation of DNA profiles

in electropherograms more data-based and objective (Krane et al., 2008).

Once it is properly determined that a questioned and a known are

indistinguishably alike, the second step is to evaluate the meaning of that

finding. Many forensic identification examiners skip the second step entirely,

simply assuming that finding a match at the first step in and of itself establishes

their common source. Rather than calculating the frequency of such matches in

the relevant population or sub-population, based on data, examiners simply

assume identity. This is where the assumption of uniqueness substitutes for

science. The flaw in this assumption is shown by morphometric studies of

simulated bite marks which demonstrate that as many as 15% of participants
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could generate bite patterns that were indistinguishable from each

other(Blackwellet al., 2006).

At least three research strategies could be adopted to move forensic

identification science forward onto more secure ground, which can be termed

the DNA model, the black box model, and the basic research model(Saks,

2010).

1- The DNA model

DNA typing has provided the most defensible approach to forensic

identification yet developed. Physical attributes of the objects of interest are

measured, data are collected on the variation of these attributes in a reference

population, and the probability of a coincidental match is determined and

reported. No assumption of uniqueness is necessary and none is employed.

Objective data are collected and used to guide judgments about the relative

rarity of the questioned and known samples.

DNA typing thus provides a model for how the rest of forensic identification

science could and should carry out its work. Difficulties concerning

measurement of complex patterns will have to be surmounted, requiring the

help of fields which deal with such problems. While none of this obviates

problems at the first stage (comparison), those also can be and are beginning to

be studied and standards developed to reduce or remove problematic

subjectivity from the comparison process(Saks and Koehler, 1991).

2- The black box model

Another model is to leave the process of judging similarity and drawing

inferences of its improbability to the examiner using conventional subjective

methods, but to harness those human ‘‘black boxes’’ to a program of serious

research. By systematically presenting examiners with different problem tasks

within their various domains (e.g., for handwriting examiners: signatures,
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cursive writing, hand printing, with different degrees of writing complexity,

intra-writer variation, and so on), a ‘‘map’’ can be drawn that describes which

examination tasks can be performed at what level of accuracy. By

systematically varying the adequacy of the questioned evidence (e.g., for

fingerprint examiners: the completeness of the latent print, the quality of the

latent), the level of accuracy associated with that amount and quality of

evidence can be estimated, and limits can be defined beyond which an opinion

have not be ventured(Dror et al., 2006).

3- The basic research model

Each subfield of forensic identification is rich with beliefs about the nature of

the evidence and the process of examining and drawing inferences. These

beliefs can be regarded as hypotheses that need to be tested. Specific studies

can be designed to test them. If forensic identification is like other fields – as

varied as medicine or arson investigation – many of the hypotheses will turnout

to be correct and many will turn out to be incorrect. It is important to learn

which are which(Saks, 2010).

Some traditional fields have taken steps along the lines of the above models.

For example, a movement within the field of firearms examination has begun

to develop what in effect are empirically based statistical floors of accuracy. By

comparing the frequency of consecutive matching striae in pairs of bullets that

are known matches versus pairs that are known non-matches ,minimum

consecutive matching striae can be stated. This is somewhat of a hybrid

approach, crossing the DNA model with the basic research model(Biasotti et

al., 2010).
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Body fluid traces recovered at crime scenes are among the most important

types of evidence to forensic investigators. They contain valuable DNA

evidence which can identify a suspect or victim as well as exonerate an

innocent individual. Besides, determination of the type and origin of biological

samples found at crime scenes can provide important clues for crime scene

reconstructions by supporting a link between sample donors and actual

criminal acts. The presence of certain body fluids can be used as excellent

indicators of the sequence of events which occurred. For example, blood stains

can indicate some form of physical struggle, assault or murder, and detection of

semen or vaginal fluid can indicate the involvement of some form of sexual

encounter or assault. The common body fluids found at crime scenes are blood,

semen, saliva, vaginal fluid, urine, and sweat (Ja Hyunet al., 2012).

Semen is one of the other most commonly encountered body fluids at crime

scenes. Sexual assault is usually a hidden crime where the only witnesses are

the victim and the assailant. For a variety of reasons, even the victim may be

unable to provide a detailed account of the assault or the identity of the

perpetrator. Often the case history deteriorates into one person’s word against

another. With such limited initial information, the physical and biological

evidence collected from the victim, from the crime scene, and from the suspect

will play a pivotal role in the objective and scientific reconstruction of the

events in question .The total volume of semen for each ejaculation of a human

male ranges between 2 and 5 ml (0.12 to 0.31 cubic inch); in stallions the

average ejaculate is about 125 ml (7.63 cubic inches). In human beings each

ejaculation contains normally 200 to 300 million sperm, making semen ideal for

DNA profiling (Giuliano and Clementa, 2005).

Molecular forensic science has been predominated by DNA research in the past

decade. Furthermore, RNA was and is notorious for its allegedly rapid post-
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mortem and in vitro decay which has kept forensic scientists from investing

time and money into this field(Bauer, 2007).

However, times are changing and the enormous potential of RNA

technologies together with reports of unexpectedly high stability in certain

conditions has stimulated forensic researchers all over the world to start

exploring the RNA world. Messenger ribonucleic acid (m RNA) is a single

strand nucleic acid involved in transcription and translation processes. It

provides a matrix for protein synthesis. A typical mammalian cell contains 10–

30 pg of total RNA, of which only 1–5% is mRNA. A single cell contains

approximately 360,000 mRNA molecules, which constitute 12,000 different

transcripts that differ in their percentage representation in the general mRNA

pool. While DNA is identical in each cell of an organism, the mRNA profile

demonstrates what genes are expressed and what proteins are synthesized

(Alberts et al., 1994).

The first step of identifying a particular body fluid is highly important since the

nature of the fluid itself is very informative to the investigation, and the

destructive nature of a screening test must be considered when only a small

amount of material is available. The ability to characterize an unknown stain at

the scene of the crime without having to wait for results from a laboratory is

another very critical step in the development of forensic body fluid analysis.

Driven by the importance for forensic applications, body fluid identification

methods have been extensively developed in recent years(Kelly and Igor,

2009).

Semen can be detected using an alternative light source(ALS) such as

ultraviolet light. It is a routine procedure to search for semen and other

fluids using this simple and non-destructive method (Sensabaugh, 1982).


