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Abstract

Currently, forensic research foundation is comprised of the methods of genetic analysis. The
study of DNA polymorphism became a source of highly reliable evidence, which allow the
determination of the genetic profile of biological traces containing genetic material of barely a
few cells, collected from all possible substrates, and their further comparison with the genetic
profile of the victim or suspect. The forensic expertise of such research, supported by relevant
statistical calculations is one of the few objective evidence in criminal proceedings.

The process of DNA testing for forensic purposes is composed of several stages and a number
of analyzes. After securing suitable test specimen, the isolation of genetic material is
performed. For the quantitative and qualitative analysis of the isolate, the Real Time PCR
reaction is performed. This is a crucial moment for the study because it is the assessment
of the suitability of samples for further testing. The next step is the amplification of DNA
fragments with Multiplex PCR technique. Then, as a result of electrophoretic separation of the
sequencer we obtain a genetic profile. Thus obtained profiling results are interpreted as well
as compared by specialists.

For analysts in the field of forensic medicine it is necessary to obtain clear genetic profiles.
Given the often small amount of DNA that can be obtained and the need for unquestionability
of the evidence, it is very important to develop a method with high sensitivity, which allows
to obtain completely reliable results. In order to ensure the quality of the research, forensic
laboratories must apply the standards and guidelines set by international associations,
periodically calibrate their testing equipment, keep complete records of the results and, above
all, to validate the used methods. In the laboratory, which intends to apply the procedure in
question, internal validation must be carried out. The aim of this process is to determine
the reliability and limitations of the method. During the test, the results of manufacturers’

verification are validated and the level of efficiency of the said procedure within a particular
lab is checked.
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DNA as individual identification material

Testing the genetic material samples of all our cells is currently the most reliable method of
human identification. The discovery of the fact that every human being has a unique DNA
code has been attributed to British scientist Alec Jeffreyson since 1985. Already a year later,
the first murderers were convicted thanks to a DNA test [1].

The human body consists of various types of tissues, specialized in performing specific
functions. All tissues are composed of single cells which, despite their slightly different
structure and function, are the source of "the same" DNA molecule. Most human cells
contain two types of DNA, which are two separate genomes - the nuclear genome inside the
nucleus and the mitochondrial genome.

The mitochondrial genome is used as an identification marker for forensic genetics, which is
due to its special characteristics, including its small size, high number of copies and different
inheritance compared to nuclear DNA.
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The high sensitivity of the DNA mitochondrial polymorphism analysis methods has made it a
method that can be used for biological trace studies that contain small amounts of biological
material.

The nuclear genome is the basic identification marker in forensic research. Almost every cell
in the human body has a nucleus, and therefore can be a source of DNA.

Furthermore, every cell in a single organism has an identical DNA, so it is possible to
compare the DNA of different cells, which are evidence secured on the spot, e.g. the DNA of
semen cells with blood or saliva cells taken as reference material.

DNA genetic information is divided into packets called genes, i.e. regions containing
information on a distinct inherited characteristic. The physical structure of DNA is
characterized by a high orderly degree, which means that each gene and marker has its own
specific place - the locus. These places have been located for many genes and markers.
Different variants of the same gene are called alleles. There may be many alleles of the same
gene among humans, i.e. a sequence in a specific locus. The DNA of different people is
therefore not identical - each person contains a unique molecule of genetic material.
Nevertheless, the essential part of the human genome is the same for all humans and is often
called conservative DNA.

According to recent research, the human genome contains about 30,000 genes, which is only
3% of all DNA - it is coding DNA. The remaining 97% is the so-called non-coding genetic
material. It is the fragments of the non-coding DNA that are used in judicial identification
tests. This is due to the variability of these DNA sequences, which is significantly higher than
in the more conservative coding DNA [1, 2].

Genetic variability is the basis for all human genetic identification tests. It is accepted that
genetic polymorphism occurs when there are at least two different alleles in a given DNA
locus, which are less common in a population with a frequency of at least 1%. There are two
basic types of polymorphisms: single nucleotide polymorphism (SNP) and length
polymorphism of DNA fragments. The most common are differences in single nucleotide
positions forming DNA strands. SNP consists of simple A < G, C <> T changes, as well as
insertions and deletions of single nucleotides. The frequency of such changes in the genome is
on average 1/1000 pz, although according to some sources these changes are much more
frequent - 1/300 pz. This type of polymorphism can be observed both within genes and non-
coding regions. This type of polymorphism has been and is used for identification studies
conducted in the judicial aspect [3].

Approximately half of the human genome consists of different types of repetitive sequences.
From the viewpoint of forensic genetics, fragments of DNA sequences that are repeated
tandem, one after the other, several or several times, are very important. These repeating,
usually four- or five-nucleotide DNA sequences are located in non-coding DNA, called
repeating units. Such fragments are often characterized by very high polymorphism, which is
based on differences in the number of repeating units that characterize DNA of different
people. Such DNA segments are called Variable Number Of Tandem Repeats (VNTR)
sequences. VNTR sequences, also known as minisatellite sequences, for which the repetitive
sequence had a length of several to several nucleotides, were used in forensic genetics [1].
From the viewpoint of identification studies, the most important type of repeatable sequences
are micro satellite sequences - STR (Short Tandem Repeats).
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In the case of this marker, the repeatable unit is very short. In modern forensic genetics, STR
systems with a repetitive unit consisting of four pairs of bases are commonly used.

Analysis of evidence in forensic medicine

The identification of the human genome structure and the creation of analysis methods for its
polymorphisms have led to a significant development in many fields, including forensics [4].
DNA polymorphism studies have become a source of highly reliable evidence, allowing to
determine the genetic profile of biological traces containing the genetic material of only a few
cells, collected from all possible sources, and compare it with the genetic profile of the victim
or suspect. Forensic expert opinions from such studies, supported by appropriate statistical
calculations, are one of the few objective evidence in court proceedings [1]. Currently,
forensic studies use commercial kits containing ready-to-use reagents necessary for both the
isolation of genetic material and the preparation of real-time PCR responses. Thanks to this,
the number of manual activities is reduced and the risk of errors is minimized [5].

Sampling

Isolation of genetic material from the sample

Real Time PCR

- qualitative and quantitative evaluation of the isolated DNA

Multiplex PCR

- amplification of DNA fragments

Capillary electrophoresis

- detection of PCR amplification products on the sequencer

Interpretation of test results

Comparative analysis of profiling results of evidence and reference material

Figure 1. Schematic diagram of the DNA analysis process.
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Validation of the test method as a tool to control parameters determining the reliability
of the analysis results

Biological material, which goes to forensic laboratories, very often has a significant degree of
DNA degradation and a high level of contamination. This may result in a small amount of
DNA, as well as poor quality. Therefore, taking into account the evidentiary value of DNA
profiling, in order to ensure high quality of analysis results, it is extremely important to
maintain high standards of research and apply proven principles of conduct. Forensic
laboratories must, inter alia, apply standards and guidelines established by international
associations, validate the methods used, perform cyclical calibration of testing equipment, and
keep complete documentation of results. These elements guarantee multi-level control and
optimal functioning of the laboratory.

New, previously unused methods should meet specific legal requirements. According to the
current genetic regulations, a diagnostic laboratory is subject to the Act on Laboratory
Diagnostics and the requirements of the Regulation of the Minister of Health of 23/03/2006
on quality standards for medical diagnostic and microbiological laboratories [6, 7, 8].
Validation is also a basic requirement to meet the standards described by the International
Organization for Standardization in the PN-EN ISO/IEC 17025:2005 standard [9]. Validation
is a process in which the procedure is evaluated in order to determine its effectiveness and
reliability for analysis on the basis of a number of parameters, including sensitivity, accuracy,
specificity and selectivity, precision, linearity, limit of detection (LOD) and limit of
quantification (LOQ).

Precision determines the dispersion of results in a series of measurements, i.e. the degree of
consistency between single analysis results. This parameter can be expressed as repeatability,
defined as the variability of results obtained from multiple tests on the same sample,
performed by the same analyst, at short intervals using the same test and measurement
instrument, the same reagents and under the same environmental conditions, and
reproducibility, which allows the evaluation of method's ability to produce the same results in
different laboratories, analysts, reagents and instruments. In most cases, precision is
measured by standard deviation (SD), which is defined as the dispersion of the individual
determination values around the mean value. When all the results are identical, SD is equal to
zero. The value of standard deviation is higher the higher the dispersion of results [10, 11].
The Real Time PCR method, which we use, also makes it possible to determine limit
concentrations. The consequence of too low a concentration of DNA in the sample are mainly
stochastic effects - lack of allele balance in the heterozygous locus (significant disproportions
in peak heights among sister alleles), drop-out alleles or insertion of another random allele
(drop-in) [12]. In the case of too much matrix DNA, there is excessive amplification, which
results in disturbances in the background, too many artifact peaks, as well as flattened allele
peaks, whose signal is so intense that the vertex significantly exceeds the scale [13]. In
practice, the limit of detection (LOD) is determined, defined as the lowest concentration of an
analyte in a tested sample that can be detected by a given method. This allows the selection of
samples that are suitable for further, often costly, analysis.
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