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This research purpose is to summarize information on the

GFEN AECESS main directions of using DNA analysis in the practice of detection
and investigation of crimes used in different countries, consider
possibilities of these areas and the state of their implementation in
@ @ domestic investigative and forensic expert practice and formulate
the author’s vision of prospects for the further development of

theoretical and applied aspects of forensic DNA research in Ukraine.

Traditional DNA profiling methods based on STR locus

analysis and mtDNA SNP research are described, information on

the application of the latest technologies for searching relatives by

DNA profile bases and determining the age and biogeographical

origin of human DNA, as well as methods of mass parallel DNA

sequencing and performing rapid DNA profile tests. It was noted

that main obstacle to the further development of DNA analysis in

Ukraine is the lack of proper legal regulation that hinders formation

of effective national database of DNA profiles. Attention is drawn to

the obvious lack of scientific support for DNA research in Ukraine.

Ways to solve existing issues in this area are proposed, in

particular: promote relevant knowledge among law enforcement

officers to minimize typical errors in handling of traces of biological

origin; make changes in the criminal procedural legislation of

Ukraine for the purpose of proper adjustment of issues of sampling of

biological samples and carrying out rapid analyzes on a DNA profile;
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take measures to expand the tool base and real capabilities of forensic

genetics laboratories.

Keywords: forensic technique; forensic DNA analysis; DNA
profiling; DNA database; DNA phenotyping.

Research Problem Formulation

More than 35 years have passed since
mankind learned about possibility of
using DNA analysis to identify a person .
During this period, significant results
have been achieved in world science and
forensic practice related to development
of effective DNA analysis technologies and
their use while investigation of crimes
and forensic evidence. Possibilities of
DNA analysis in research on biological
traces, identification of living persons
and corpses, establishment of biological
paternity and biological kinship of people
have significantly expanded.

Original techniques of  DNA
fingerprinting performed by making DNA
fingerprints on X-ray film, have given way to
the method of polymerase chain reaction
and modern computer technologies. In
many countries, powerful automated
databases of DNA profiles have been set
up to generate matching genetic traits
from detected traces to genetic traits of
individuals being sampled, thus revealing
many crimes committed in evidence
unavailability. Effective technologies for
determining the DNA profile from traces of
contact (contact traces), forensic research
onmitochondrial DNA (hereinafter referred
to as mtDNA), forensic analysis of genes

containing information about appearance,
biogeographical human origin, etc.

In scientific community, perceptions
of forensic DNA analysis range from
acknowledging accuracy of obtained
results to skepticism about errors in
evidence due to misinterpretation of
results and discussions about compliance
of collecting, storing and using genomic
human information with respect for
privacy. family life. However, the very
introduction of DNA analysis was a turning
point for the forensic sciences, as it
contained only a predetermined probability
of the coincidence of genetic traits that
was crucial for the evaluation of data. The
success of DNA evidence has changed
scientists’ views on and expectations of
forensic science 2.

Effectiveness of DNA analysis in
crime detection and investigation has
been convincingly proven by many
years of practice. At the same time, the
errors in law enforcement practice that
have sometimes occurred are not due to
inaccurate methods of examination but to
subjective factors: for example, incorrect
evaluation of the results of DNA analysis
of a small amount of trace material. This
is due to the likelihood of contamination
of traces or indirect DNA transfer,
especially when it comes to establishing

1 Jeffreys A. J., Wilson V., Thein S. L. Individual-specific «fingerprints» of human DNA. Nature.
1985. Vol. 316. P. 76—79. DOI: 10.1038/316076a0 (date accessed: 20.11.2021).

2 Bell S., Sah S., Albright T. D., Gates S. J., Denton M. B., Casadevall A. A call for more science in
forensic science. Proceedings of the National Academy of Sciences of the United States of America.
2018. Vol. 115 (18). P. 4541—4544. DOI: 10.1073/pnas.1712161115 (date accessed: 20.11.2021).
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a DNA profile from contact traces.
Modern devices are able to determine
complete DNA profile in just 100 DNA
picograms °. However, such a small
amount in the trace is not necessarily the
result of direct contact of the person with
the trace surface. Because a small amount
of DNA can be easily and ubiquitously
transferred, there has been a shift in the
evaluation of DNA analysis results from
the question “Whose DNA is this?” to the
question “How did she get there?” *. There
are also some difficulties in separating
mixed traces of several people, legal and
ethical problems of gene research to
solve research issues etc.

These aspects are actively discussed
and solved. Typical causes of errors in
proof due to erroneous evaluation of DNA
analysis results are analyzed and ways to
solve relevant problems are proposed °.
It was emphasized that it was desirable to
question DNA-related evidence each time
and to consider it primarily as a means
of corroborating other types of evidence
in a particular case °. Much attention is
also paid to the legal and ethical aspects
of the use of DNA analysis technologies
in law enforcement. The result is
the implementation of appropriate
standards ’. In connection with the
above, there can be no skepticism about
the future prospects of forensic DNA

analysis. This area remains one of the
most important in the theory and practice
of forensic science and criminalistics,
demonstrates outstanding results of
evidence in criminal cases and continues
to develop dynamically.

Despite extreme popularity of forensic
DNA analysis as a method of identification
in the world and domestic investigative
and forensic expert practice, in Ukraine
there is almost no relevant research. In
fact, its place in criminalistics has not
even been determined yet. There is no
holistic idea of the possibilities of this area,
its practical effectiveness, prospects for
further development in both theoretical
and applied aspects. This not only leads to
low effectiveness of the use of DNA analysis
tools in the practice of law enforcement
agencies but also reduces efficiency of
spending budget funds intended for the
provision of state expert laboratories of
forensic genetics and law enforcement

agencies.
These circumstances  necessitate
a comprehensive scientific analysis

of current possibilities of forensic
DNA research in practice of criminal
investigation, the state of their
implementation in investigative and expert
practice of Ukraine, as well as the level of
scientific support in this area and outline
prospects for its further development.

3 Cale C. M. Forensic DNA evidence is not infallible. Nature. 2015. Vol. 526. P. 611. DOI:

10.1038/526611a (date accessed: 20.11.2021).

4 Biedermann A., Champod C., Jackson G., Gill P., Taylor D., Butler J., Morling N., Hicks T.,
Vuille J., Taroni F. Evaluation of Forensic DNA Traces When Propositions of Interest Relate to
Activities: Analysis and Discussion of Recurrent Concerns. Frontiers in Genetics. 2016. Vol. 7.
P. 215. DOI: 10.3389/fgene.2016.00215 (date accessed: 20.11.2021).

5 Gill P. DNA evidence and miscarriages of justice. Forensic Science International. 2019. Vol. 294.
P. el-e3. DOI: 10.1016/j.forsciint.2018.12.003 (date accessed: 20.11.2021).

6 Machado H., Granja R. DNA Technologies in Criminal Investigation and Courts / Forensic Genet-
ics in the Governance of Crime. Singapore, 2020. Pp. 45—56. DOI: 10.1007/978-981-15-2429-5_4

(date accessed: 20.11.2021).

7 Wallace H. M., Jackson A. R., Gruber J., Thibedeau A. D. Forensic DNA databases — Ethical and
legal standards: A global review. Egyptian Journal of Forensic Sciences. 2014. Vol. 4, Is. 3. P. 57—63.
DOI: 10.1016/j.ejfs.2014.04.002 (date accessed: 20.11.2021).
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Analysis of Essential Researches
and Publications

In domestic scientific literature, the
content of DNA analysis technologies
in forensic science activity was studied
by forensic physicians (H. F. Kryvda 8,
R. H. Kryvda °, N. Ye. Kozhukhov and
others %) and professionals of the Expert
Service of the Ministry of Internal Affairs
of Ukraine, who developed methods
for conducting molecular genetic
researches (N. M. Diachenko and others !,
R. H. Abbasov and others '?). These
researches are mostly applied in nature,
devoted to the development of certain
methods of DNA analysis in forensic science
and are intended primarily for direct
practical use in forensic science. At the
same time, the issue of systematization of
existing technologies and determining the

state and prospects of their development in
Ukraine has not been studied.

On the other hand, in foreign sources,
topical issues of current level of forensic
DNA analysis technologies and ways
of their development in the future are
covered quite widely and different views
on this issue are given. For example,
in scientific reviews of the state and
prospects of research and practical
implementation of both traditional and
new technologies, in particular, STR
-profiling ¥ and maintaining DNA profile
databases ', analysis of mitochondrial
DNA 15, research on Y-chromosome ‘¢,
forensic phenotyping 7 etc. . These
research papers are especially useful for
our research and drawing conclusions
about prospects of forensic DNA analysis
in Ukrainian forensic theory and law
enforcement practice.
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rsth.2014.0252 (date accessed: 20.11.2021).
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(date accessed: 20.11.2021).
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Vol. 136. P. 621—635. DOI: 10.1007/s00439-017-1776-9 (date accessed: 20.11.2021).
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Article Purpose

This article purpose is to summarize
information on the main directions of
using DNA analysis in the practice of crime
detection and investigation used in different
countries, considering possibilities of
these areas and their implementation in
domestic investigative and forensic expert
activities and formulate the author’s vision
of further development of theoretical and
applied aspects of forensic DNA analysis in
Ukraine.

For achieving this goal, foreign
academicliteratureis analyzed, describing
the current possibilities of forensic
DNA analysis (used by law enforcement
agencies of different countries) and
the main issues and prospects for the
development of this field of forensic
science. Domestic scientific sources have
also been studied in Ukraine to assess the
degree of scientific development of this
issue.

For establishing current state of
practice in the field of forensic molecular
genetic expertise, statistical and analytical
information of Expert Service of the
Ministry of Internal Affairs of Ukraine,
materials of criminal proceedings for DNA
analyses and practice of the molecular
genetic  research and  accounting
department of Kharkiv SRFC of the MIA of
Ukraine.

Main Content Presentation

Given complexity of the outlined issues,
we propose to consider basic principles
and some of the most important, in our
opinion, problematic aspects of forensic
DNA analysis that seem to be the most
relevant for Ukraine.

Brief overview of current opportunities
for forensic DNA analysis in the world
of investigative and forensic expert practice

Currentlyy, DNA analysis in the world
is recognized as the most reliable tool
for identification and determination
of biological paternity. It also makes it
possible to solve some other issues: in
particular, determine the sex of biological
traces, biological kinship of people, make
assumptions about outward appearances
of human DNA etc. Technologies of
forensic DNA analysis available nowadays
are characterized by varying degrees
of accuracy are recognized and applied
to varying dimension in world forensic
practice.

In general, in forensic molecular
genetic examination it is established to
distinguish two basic technologies: analysis
of polymorphism of length of amplified
fragments and analysis of polymorphism
of nucleotide sequence? . In the analysis
of polymorphism in the length of DNA
fragments as genetic markers use short
tandem repeats (hereinafter referred to as
STR) and while analysis of differencesin the
sequence of nucleotides: single nucleotide
polymorphism (hereinafter referred to as
SNP). Therefore, in the forensic literature,
terms are also used for convenience STR
analysis and SNP analysis to distinguish
between relevant technologies.

For forensic purpose, we can identify
some of the most common methods of DNA
analysis and areas of their implementation
of which three can be called traditional and
the rest are the latest.

Traditional methods include STR-
profiling by autosomal loci of DNA, analysis
STR-loci on the Y-chromosome and study
of mitochondrial DNA (mtDNA). These
methods have been tested in practice in

19 Mimaios B. [I., Xoxosesa T. B., Baunncbkuii B. T., Boiiuenko B. B., KpusgaI. ., KocTeHko €. f.
CyzoBa MeAUIIMHA : IiIIPYYHUK ; 32 3ar. peZ. B. /JI. Mimasnosa. YepHiui, 2018. C. 485.
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many countries and are widely used in
forensic science. The first two of them are
based on technology STR-analysis and the
third on SNP -analysis.

The newest methods are to use tools that
have been invented relatively recently and
that are not yet widely used as traditional
ones: although they are gradually being
introduced into forensic practice, they
have many limitations and reservations
of legal, ethical and methodological
nature. These include: DNA phenotyping,
searching for relatives in DNA databases,
rapid testing for DNA profile and the use of
the latest sequencing platforms of the next
generation (hereinafter referred to as NGS
) to solve complex issues of forensic DNA
analysis. Most of these methods are based
on technology SNP -analysis. On the one
hand, they have significantly expanded
the possibilities of forensic DNA analysis,
on the other hand, the relevant methods
have not yet achieved a sufficient level of
accuracy of the results.

Traditional methods

The main methods today STR-profiling
that is often called the “gold standard of
identification” % . Scientists pay special
attention to the fundamental importance of
research methods STR in forensic practice
and their prospects .

STR-profiling is to determine the
individual genetic profile of a person
by DNA isolated from human cells with
nuclei, by analyzing a specific set of
autosomal STR-loci. This method makes
it possible to identify a person by the
biological traces left, and (using additional
tools) to determine paternity and biological
kinship. The DNA profiles created with its

help are the basis of DNA databases all over
the world.

In  forensic  practice, various
commercial kits are used for analysis STR-
loci that allow you to use 15 or more loci.
Efficiency of using this tool is significantly
increased by the functioning of the national
database of DNA profiles (automated
forensic accounting of human genetic
traits). Otherwise, it can be used only
for identification in a separate criminal
proceeding by comparing the DNA profile
from a trace of biological origin with the
DNA profile of a person established by
investigation or operation. In contrast,
if a DNA profile database is in place, it is
possible to identify an unknown person
who is being investigated (sample or
specimen) (criminal, unidentified corpse,
etc.) by checking the database.

Except STR-profiling, in forensic
genetics there are a number of other
traditional tools that are now ancillary.
Their use allows to expand the possibilities
of forensic DNA analysis, as they provide
additional information about the person
whose biological trace or sample is being
studied.

Thus, STRresearches onY-chromosome
(hereinafter referred to as Y-STR ) makes
it possible to distinguish the DNA of men
and to determine the biological kinship of
men in the male line. Relevant methods
have been successfully developed since
the 1990s and are now routine in forensic
genetics laboratories around the world in
addition to the standard panel of autosomal
loci. In criminal cases, they are especially
useful while analyzing a mixture of male
and female cells, for example, in the case

20 Lynch M. God’s signature: DNA profiling, the new gold standard in forensic science. Endeavour.
2003. Vol. 27. Is. 2. P. 93—97. DOI: 10.1016/S0160-9327(03)00068-1 (date accessed: 20.11.2021).

21 Gill P. Role of Short Tandem Repeat DNA in Forensic Casework in the UK — Past, Present, and
Future Perspectives. Biotechniques. 2002. Vol. 32 (2). P. 366—385. DOI: 10.2144/02322rv01 (date

accessed: 20.11.2021).
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of sexual violence . All possible areas of
application of the forensic research on
Y-chromosome, in particular, to exclude
from the suspect men, determine the
paternal line of male criminals, provide
investigators with information to search for
unknown male criminals, resolve paternity
disputes, etc. are given in a scientific review
by M. Kayser %.

It is important to emphasize that the
analysis of Y-STR in criminal cases does not
allow to identify a person, but only helps
to determine his biological kinship, which
significantly limits the importance of this
area *. On the other hand, in modern
conditions, when in many countries
databases of DNA profiles are created
and filled, Y-STR analysis of can serve as
additional tool to search for relatives of
an unknown person who has left a trace,
if relevant information is available in
a specific DNA database.

Currently traditional method is to
study the sequence of mtDNA. It makes it
possible to determine biological kinship
through the maternal line. It is also
important that mtDNA can be isolated
even when the cells with the nucleus are
not preserved, so STR-loci of nuclear DNA
cannot be investigated. This is especially
true for research on objects in which DNA
has partially degraded (for example, burnt
or skeletal corpses, hair without a bulb,
etc.). Because all maternal relatives have

the same mtDNA, appropriate methods are
helpful in forensic DNA analysis. Current
opportunities and prospects for further
development of mtDNA forensic research
analyzed by foreign scientists .

Latest Methods

The latest methods of forensic DNA
analysis that are gradually being introduced
into the practice of DNA profiling include
those that allow to establish the phenotype
(appearance, age and biogeographical
origin) of a person by his genes, as well
as to use means to find relatives studied,
according to state and open databases of
DNA profiles.

Forensic DNA phenotyping as a section
of forensic DNA analysis combines three
main areas, namely the definition of human
outward appearances, his Biogeographical
ancestry and assessment of biological age
by DNA %,

These methods allow the analysis of
DNA found while investigation to make
areliable prediction of the color of the eyes,
hair and skin of the person who left a mark,
as well as its origin from a particular part
of the world (America, Oceania, Africa,
East Asia, South Asia , Southwest Asia and
Europe). Quite high accuracy (+ 3-4 years)
of DNA age determination has also been
reported ?. Professionals are exploring
the possibility of determining the height,
facial appearances and alopecia by DNA 2.
Appropriate technologies can help solve

22 Roewer L.Y chromosome STR typing in crime casework. Forensic Sci Med Pathol. 2009. Vol. 5 (2).
P. 77—84. DOI: 10.1007/s12024-009-9089-5 (date accessed: 20.11.2021).
23 Kayser M. Forensic use ... . DOI: 10.1007/s00439-017-1776-9 (date accessed: 20.11.2021).

24

25

26

27

28

Syndercombe Court D The Y chromosome and its use in forensic DNA analysis. Emerg Top Life
Sci. 2021. Vol. 5 (3). P. 427—441. DOI: 10.1042/ETLS20200339 (date accessed: 20.11.2021).

Melton T., Holland C., Holland M. Ibid. P. 101.

Schneider P. M., Prainsack B., Kayser M. The Use of Forensic DNA Phenotyping in Predicting
Appearance and Biogeographic Ancestry. Deutsches Arzteblatt International. 2019. Vol. 51—52.
P. 873—880. DOI: 10.3238/arztebl.2019.0873 (date accessed: 20.11.2021).

Parson W. Age Estimation with DNA: From Forensic DNA Fingerprinting to Forensic (Epi)Ge-
nomics: A Mini-Review. Gerontology. 2018. Vol. 64. No. 4. P. 326—332. DOI: 10.1159/000486239
(date accessed: 20.11.2021).

Marano L. A., Fridman C. DNA phenotyping: current application in forensic science. Research
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target tasks while searching for unknown
people.

Proponents of introduction of forensic
genetic phenotyping methods call for their
use for investigative purposes, bypassing
the problems of personal data protection ».
However, it should be noted that their
practical application is complicated by
problems of methodological, ethical and
legal nature, namely: 1) lack of reliable
techniques for these technologies; 2) ethical
issues related to the use of DNA coding
regions, in contrast to traditional DNA
analysis technologies that use non-coding
regions (Non-coding DNA); 3) formulation
of extremely reliable conclusions; 4) social
sensitivity of issues (for example, regarding
migrants); 5) inadmissibility of determining
for ethical reasons any information about
the state of health of a person, due to which
they test only for external (morphological)
characters *.

As of December 2019, DNA
phenotyping technologies have been
clearly regulated and allowed in the EU
only in the Netherlands and Slovakia.
They are also used in forensic practice in
the United Kingdom, Poland, the Czech

Republic, Sweden, Hungary, Austria and
Spain. In Germany in November 2019,
these technologies were also allowed
to be used, except for determination of
biogeographical origin according to DNA 3.

The latest technology of forensic DNA
analysis is considered to be methods of
searching for relatives of an unknown
person whose biological trace or sample
is being studied on the basis of DNA
databases. They were first used in the UK in
2006 to identify the perpetrator of a series
of rapes in the 1980s. *. However, the real
boom in opportunities in this area has
begun recently.

Thus, in April 2018, it was reported
that serial killer and rapist Joseph
James DeAngelo was arrested due to an
unconventional innovative method of
determining a person’s kinship relations
using the GEDmatch website. This
contributed to introduction of a new search
direction according to kinship relations,
investigative genetic genealogy **.

Investigative genetic genealogy has
quickly become a highly effective tool
for using DNA to identify unidentified
criminals and unidentified corpses *. It

29

30
31

32

33

34

and Reports in Forensic Medical Science. 2019. Vol. 9. P. 1—8. DOI: 10.2147/RRFMS.S164090 (date
accessed: 20.11.2021).

Kayser M., Schneider P. M. DNA-based prediction of human externally visible characteristics in
forensics: Motivations, scientific challenges, and ethical considerations. Forensic Science Interna-
tional: Genetics. 2009. Vol. 3. Is. 3. P. 154—161. DOI: 10.1016/j.fsigen.2009.01.012 (date accessed:
20.11.2021) ; Kayser M. Forensic DNA Phenotyping: Predicting human appearance from crime
scene material for investigative purposes. Forensic Science International: Genetics. 2015. Vol. 18.
P. 33—48. DOI: 10.1016/j.fsigen.2015.02.003 (date accessed: 20.11.2021).

Samuel G., Prainsack B. Ibid. DOI: 10.1080/14636778.2018.1549984 (date accessed: 20.11.2021).
Schneider P. M., Prainsack B., Kayser M. The Use of Forensic DNA ... . DOI: 10.3238/arz-
tebl.2019.0873 (date accessed: 20.11.2021).

Suter S. M. All in the Family: Privacy and DNA Familial Searching. Harvard Journal of Law &
Technology. 2010. Vol. 23. No. 2. P. 310.

Butler J. National DNA Day and the Birth of Investigative Genetic Genealogy / National Institute
of Standards and Technology : Taking Measure. Just a Standard Blog. 25.04.2019. URL: https://
www.nist.gov/blogs/taking-measure/national-dna-day-and-birth-investigative-genetic-genealo-
gy (date accessed: 20.11.2021).

Greytak E. M., Moore C. C., Armentrout S. L. Genetic genealogy for cold case and active in-
vestigations. Forensic Science International. 2019. Vol. 299. P. 103—113. DOI: 10.1016/j.forsci-
int.2019.03.039 (date accessed: 20.11.2021).
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is based on creating a personal genetic
profile based on SNP, entering it in the
genealogical database of open source
DNA (for example, databases GEDmatch,
23andMe, Family Tree DNA, AncestryDNA,
MyHeritage etc.), further automatic
comparison with DNA profiles of people
who have voluntarily provided their DNA
profiles to relevant genealogical bases and
assessment of possible kinship relations

between individuals wusing computer
algorithms *.
Currently,  forensic  tools  for

searching for family ties include three
main approaches: a) Familial searching,
in other words, detection in the DNA
database that partially coincide with the
one being tested, and may belong to the
biological relatives of the person who left
the trace; b) search in the database by
Y-STR; c) investigative genetic genealogy
(hereinafter referred to as IGG). The first
two approaches are used in government
databases of DNA profiles and the third
uses databases managed by individuals or
companies * .

Relevant technologies have identified
the identity of particularly dangerous
criminals in some countries around the
world, including serial killers and rapists.
For example, in United States in 2018—2019
while 18 months more than 50 criminal
cases were successfully investigated,

thanks to the methods of investigative
genetic genealogy ¥'.

At the same time, introduction of
technologies for searching relatives on
the basis of DNA databases, as well as
technologies for genetic phenotyping,
is accompanied by a number of legal,
ethical and social problems, primarily
related to interference in personal and
family life. Thus, they are a powerful tool
for searching for unknown criminals on
the trail of biological origin *, however,
require proper legal regulation in order to
define clear rules and limits of use.

Currently, professionals are actively
exploring the possibility of introducing
forensic science into practice NGS, or, as
it is also so-called method of mass parallel
sequencing (hereinafter referred to as
MPS). Unlike the traditional STR-analysis,
method MPS allows you to read a lot at
once STR and SNP on autosomes, sex
chromosomes and mtDNA. Accordingly,
there is a potential opportunity to greatly
simplify the distinction of mixed DNA
samples, analyze cases of complex
paternity, to determine the origin and
phenotype of the person, recognize the
DNA of monozygotic twins, etc. ¥. It is
expected that in the future new platforms
on the base NGS will revolutionize forensic
DNA analysis *. however there are some
obstacles to their widespread use. For

35 Mehar P. A. Forensic Genetic Genealogy: An Investigative Aid. International Medico-Legal Reporter
Journal. 2021. February. P. 126—138. URL: https://legaldesire.com/wp-content/uploads/2021/02/
Download-and-Read-Full-Text-12.pdf (date accessed: 20.11.2021).

36 Ge J., Budowle B. Forensic investigation approaches of searching relatives in DNA databases.
Journal of Forensic Sciences. 2021. Vol. 66. Is. 2. P. 430—443. DOI: 10.1111/1556-4029.14615 (date

accessed: 20.11.2021).

37 Callaghan T. F. Responsible genetic genealogy. Science. 2019. Vol. 366. Is. 6462. P. 155. DOI:
10.1126/science.aaz6578 (date accessed: 20.11.2021).

38 Kim J., Mammo D., Siegel M. B., Katsanis S. H. Policy implications for familial searching. Inves-
tigative Genetics. 2011. Vol. 22. Is. 2. DOI: 10.1186/2041-2223-2-22 (date accessed: 20.11.2021).

39 Yang., Xie B., Yan J. Ibid. DOI: 10.1016/j.gpb.2014.09.001 (date accessed: 20.11.2021).

40 Sobiah R., Syeda R. H., Zunaira E., Nageen Z., Maria K., Syeda A. Z., et al. Implications of Tar-
geted Next Generation Sequencing in Forensic Science. Journal of Forensic Research. 2018. Vol. 9.
Is. 1. P. 1—8. DOI: 10.4172/2157-7145.1000416 (date accessed: 20.11.2021).
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example, the difference between mtDNA
and nuclear DNA in orders of magnitude
in the number of copies per cell interferes
with the routine combination of autosomal
STR and mtDNA and accordingly reduces
reliability of obtained results “.

Analysis of the use state of this direction
in European laboratories gave grounds
to J. M. Butler and S. Willis to state that,
although appropriate technical devices
have been purchased, their active use is
hampered by four main issues : a) lack of
harmonized nomenclature and standards;
b) incompatibility with existing national
DNA databases; c) lack of population
data for statistical calculations; d) lack of
adequate legal framework . Therefore,
traditional methods STR-analysis will
remain the main in the field of forensic
DNA research for a long time.

From the point of view of technical
equipment, in the field of forensic methods
of DNA analysis there is another specific
direction, namely: rapid testing for DNA
profile. rapid DNA). Its development was
facilitated primarily by the practice of
American law enforcement that (due to
legal requirements) required equipment
that would allow to determine the DNA
profile and check it on DNA databases for
a short period allowed to detain a person.
To establish a DNA profile from a sample
of human buccal epithelium, specific
equipment has been developed: on the
one hand, more compact and faster than
standard laboratory, on the other hand,
more expensive to maintain due to the high
cost of materials for its conducting.

An important feature of rapid testing
systems for DNA profile is their use
exclusively for research on samples
provided by a particular person and not
traces removed from the scene or while
the rest of investigation. In particular, such
devices are used in police stations, in case
of crossing the state border, in embassies
and forensic laboratories *.

Genesis and current state of practical
use of forensic DNA analysis technologies in
Ukraine and prospects for its development

In Ukraine, technologies of forensic
DNA analysis began to be introduced in the
early 1990s in the practice of the Expert
Service of the MIA of Ukraine and forensic
science institutions of the Ministry of
Healthcare of Ukraine.

In the system of Forensic Expert
Service of the MIA of Ukraine in SSRFC of
the MIA of Ukraine (Kyiv) in 1992 the first
forensic molecular genetic examination
was conducted, in 1993 a decision was
made to establish a laboratory. Since 1994,
this laboratory has been systematically
conducting forensic examinations using
DNA analysis, at the first stage by analysis
of VNTR-loci.

New systems have been used since
1997 STR-primers, since 1999 automatic
systems STR-profiling *, since 2012,
method of mtDNA research, since 2015,
approbation of methods NGS. In 2019,
a system of rapid DNA analysis was tested
RapidHIT ID that is now used in some
laboratories for rapid determination of
DNA profiles from biological samples of
individuals.

41 Butler J. M. The future ... . DOI: 10.1098/rstbh.2014.0252 (date accessed: 20.11.2021).
42 Butler J. M., Willis S. Interpol review of forensic biology and forensic DNA typing 2016—2019.
Forensic Science International: Synergy. 2020. Vol. 2. P. 352—367. DOI: 10.1016/j.fsisyn.2019.12.002

(date accessed: 20.11.2021).
43 Butler J. M., Willis S. Interpol review ...
20.11.2021).

. DOI: 10.1016/j.fsisyn.2019.12.002 (date accessed:

44 Nlagenxo H. M. OCHOBHI eTany po3BUTKY MOJIEKYIIPHO-TeHETUYHOI eKCIIePTH3H B Jlep:kaBHO-
My HayKOBO-ZIOCJIiZITHOMY €KCIIepTHO-KpUMiHamicTuaHOMYy IeHTpi MBC Vkpainu . Kpuminasic-
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Since 2002, Forensic Expert Service of
the MIA of Ukraine has been a member
of the European Network of Forensic
Science Institutes (ENFSI). As of today, its
system includes a network of laboratories
of DNA testing, in particular in the SSRFC
of MIA of Ukraine, SSRFC of the Ministry
of Internal Affairs of Ukraine in Vinnytsia,
Volhynia, Zaporizhzhia, Ivano-Frankivsk,
Lviv, Mykolaiv, Poltava, Kyiv, Kharkiv
and Donetsk regions. More than 12,000
forensic examinations are conducted in
this network every year, and this number is
constantly increasing.

Forensic Expert Service of the
Ministry of Internal Affairs of Ukraine is
the administrator of automated forensic
accounting of human genetic traits. It is
conducted at the central and local levels.
The national DNA database includes DNA
profiles of: persons (with their voluntary
consent) suspected of committing crimes
detained and convicted; biological
traces seized during investigative actions
and criminal investigation measures;
unidentified corpses, as well as relatives
of missing persons and employees (with
their voluntary consent) of institutions of
the Ministry of Internal Affairs of Ukraine
participating in the scene inspection. For
a long time, the database of DNA profiles
functioned using the system EMCILAB.
Concurrently a combined system of DNA
indexing is gradually being introduced
hybrid DNA CODIS system *.

The state of filling the national DNA
database in Ukraine is unsatisfactory,
primarily due to the lack of a relevant
law. The draft law: On State Registration
of Human Genomic Information was

submitted to the Verkhovna Rada
of Ukraine in 2020 but it has many
comments of substantive and technical
and legal nature, so the prospects for
its adoption and deadlines for practical
implementation of its provisions are still
unclear. Currently, domestic legislation
contains only the provisions of paragraph
7 of Part 1 and Part 2 of Art. 26 of Law of
Ukraine: On National Police *, providing
for the police to fill the databases of
the unified information system of the
Ministry of Internal Affairs of Ukraine
with DNA samples of persons detained
on suspicion of committing offenses.
Until now, in fact, the database of DNA
profiles is replenished only on the basis
of departmental acts of the Ministry
of Internal Affairs of Ukraine. It is not
surprisingly; its weak content does
not allow us to boast of efficiency in
generating matches of DNA profiles from
traces of biological origin from unsolved
crimes.

Concurrently  with introduction
of methods of forensic DNA analysis
in forensic science institutions of the
Ministry of Internal Affairs of Ukraine,
corresponding methods began to be used
by forensic medical institutions.

In 1992, H. F. Kryvda, forensic medical
examiner introduced a modern method
of identifying biological objects using
molecular genetic analysis . As of today
in the system of the Ministry of Health of
Ukraine (hereinafter referred to as Ministry
of Healthcare of Ukraine) conduct molecular
genetic research in the departments of
forensic genetics in the Main Bureau
of forensic medical examination of the

45 Cremnaniok P. JI., ITepxin C. L., Kikinuyk B. B. Ta in. KpumMminanictuune gocnigxenss JHK: Tex-
HOJIOTiI Ta MOXKJIMBOCTI : HaB4. mocib. Xapkis, 2019. C. 64.

46 IIpo HamionanpHy nouirniio : 3akoH Vkpainu Bizg 02.07.2015 p. Ne 580-VIII (3i 3MiH. Ta ZOIOB.).
URL: https://zakon.rada.gov.ua/laws/show/580-19#Text (date accessed: 20.11.2021).

47 Ilnesiuckic II. B. Kpuszga I'puropiit ®egoposud (fo 70-piuds Bizx AHSI HapoaxeHHs). Cydoso-me-

Ouuna excnepmua3a. 2018. Ne 1. C. 132.

70



Ruslan Stepaniuk. Forensic DNA Analysis: Development State and Prospects in Ukraine.

DOI: 10.32353/khrife.3.2021.05

Ministry of Healthcare of Ukraine, Odessa,
Dnipro regional and Kyiv city bureau of
forensic medical examination *.

Forensic DNA testings are still not
conducted in forensic science institutions
of the Ministry of Justice of Ukraine.
However, in the near future it is planned
to open a laboratory in National Scientific
Center «Hon. Prof. M. S. Bokarius Forensic
Science Institute» (Kharkiv).

In general, currently law enforcement
practice in Ukraine uses two procedural
forms of applying special knowledge in the
field of forensic DNA analysis in criminal
proceedings:  involving  professional
in investigative actions and involving
forensic expert (forensic DNA testing
assignment and conducting). In addition,
forensic scientists, biologists and forensic
pathologists assist the investigator while
detecting and removing traces of biological
origin at the scene and in taking biological
person samples. By means of forensic DNA
testing, a person is identified by biological
traces and samples, biological paternity
and biological kinship are established. Both
of the above forms of specific expertise use
are to some extent interrelated, as quality
of application of methods for detecting
and recording traces of biological origin at
the stage of pre-trial investigation directly
affects further effectiveness of DNA testing.

In earlier research, my colleagues
and I tried to evaluate the effectiveness of
forensic DNA testing in the investigation
of premeditated murder, rape, and
traffic accidents ¥. Efficiency was low
due to certain legal, organizational and

methodological issues. Among such issues
is the failure of pre-trial investigation
officers to comply with the methodological
requirements for the treatment of traces
of biological origin, which primarily leads
to contamination of traces or removal of
background DNA that does not belong to
the event under investigation. Mistakes
by investigators and prosecutors in taking
biological samples and formulating tasks
for experts are common. The investigation
speed is hampered by inability to perform
rapid analysis of DNA profiles without
appointment of a forensic examination *.
The main reasons for this situation are
insufficient training of law enforcement
officers to deal with traces of biological
origin, lack of systematic training of such
employees in this area, lack of scientific
and educational literature, as well as the
lack of proper legal framework in Ukraine
for obtaining and using human genomic
information for crime counteraction.

State of scientific support of forensic DNA
analysis in Ukraine and prospects for its
development

In recent years, fundamental research
in the field of forensic genetics has been
conducted in world science, which has
made it possible to develop and implement
effective tools and methods of forensic
DNA analysis. Of particular note are the
contributions of institutions, individual
scholars and research teams from the
United Kingdom, the United States, Austria,
Spain, Denmark and New Zealand to this

48 Cremnaniok P. JI., ITepuin C. I., Kikinuyx B. B. Ta in. 3asuad4. tBip. C. 70—71.
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Vkpaunsl. Georgian medical news. 2019. Ne 5 (290). C. 157—163.

50 Shcherbakovskyi M., Stepaniuk, R., Kikinchux V., Petrova I., Hanzha T. Assessment of the con-
clusions of molecular genetic examination in the investigation of crimes. Amazonia Investiga.
2020. Vol. 9. No. 25. P. 479—486. URL: https://amazoniainvestiga.info/index.php/ amazonia/arti-

cle/view/1097 (date accessed: 20.11.2021).
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field . In general, in recent decades, the
technology of DNA analysis and digital
evidence research has advanced in the field
of forensic science 2.

Unfortunately, the same cannot be said
about Ukrainian forensic science. With
rare exceptions the field of forensic DNA
analysis is not in the orbit of scientific
interests of domestic criminalists.

Such rare exceptions can be considered
scientific publications on the formation
of forensic DNA testing in State forensic
science institutions (N. M. Diachenko %,
O. V. Dunaiev *). Some applied aspects

of formation and use of forensic DNA
databases in Ukraine (V. V. Bilous) aroused
some interest of scientists %, S. M. Lozova
and O. V. Matarykina *, O. V. Horpyniuk ¥,
V. O. Husieva *), as well as some problems
associated with the use of DNA analysis
in forensic practice (A. S. Povkh and
S. M. Romanchuk ¥, O. Yu. Kanava
N. Ye. Kozhukhova and others ¢
A. V. Kofanov and N. M. Erhard ). In
addition, it is worth noting population-
genetic research on Ukrainian population
that contribute to ensuring the appropriate
level of statistical evaluation of the results
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of forensic DNA testings (M. Melnyk-
Sikorska and others ¢, S. Serha and others %,
A. Yanchukov and others ¢, 0. Kozeretska
and others ). At the same time,
a comprehensive analysis of the current
state and prospects for the development of
forensic DNA analysis in Ukraine has not
been conducted.

Currently, textbooks on criminalistics
do not present the topic of DNA analysis,
it is not studied in higher education law
institutions. As a result, future lawyers
(including  prosecutors, investigators,
lawyers and judges) do not even have
ageneral idea of the possibilities of forensic
DNA testing and do not acquire basic
skills in dealing with traces of biological
origin and are not aware of the principles
of DNA evidence evaluation. Obviously,
this situation does not meet the needs of
practice or development of the theory of
criminalistics and forensic science.

In order to close this gap, a textbook
on forensic DNA testing has been prepared
with our participation ¢ and introduced
the relevant topics in the course of
criminalistics = of Kharkiv  National
University of Internal Affairs. In addition,

specialists of Kharkiv SRFC of the MIA
of Ukraine introduced trainings with
forensic professionals, investigators and
prosecutors on the specific expertise use
in the field of forensic genetics in criminal
proceedings and developed a practical
guide . However, these measures are
clearly not enough to solve topical issues
in forensic didactics. We believe that there
is a long-standing need to radically change
approaches to the development of forensic
science in Ukraine, especially in its natural
and technical component.

We have already drawn attention to
the shortcomings of understanding the
structureand contentofforensictechnology
as part of the science of forensics in Ukraine
due to the lack of new industries, including
DNA analysis ®. The main reason for this
situation is the outdated notions of the
exclusively legal nature of criminalistics
that has prevailed since Soviet times and
does not correspond to the approaches
of most developed countries. In recent
years, many scholars have recognized the
fallacy of this understanding and are trying
to define criminalistics as a synthetic,
multidisciplinary science. Unfortunately,
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formation of some scientific schools in
Ukraine continues on an organizational
basis established in Soviet times. It is
difficult for a person withoutlegal education
to prepare and defend a forensic research
and a lawyer without biological education is
not a specialist in forensic genetics. In the
field of biological sciences, the “judicial”
direction is practically not developing.
All these circumstances, formed during
the period of totalitarianism, have led to
the fact that the scientific provisions of
forensic DNA analysis have not yet found
their place in domestic scientific field.

We fully support the position of
V. M. Shevchuk that the issues development
and formation of innovative principles
of law enforcement forensic support in
modern conditions is one of the most
important tasks of forensics . In our
opinion, forensic DNA analysis (asone ofthe
most innovative areas) should take a worthy
place in the forensic system of Ukraine. It
should be considered as a separate branch
of forensic technology, which studies
the individual genetic characteristics of
cellular organisms in order to solve the
problems of criminal justice. Formation
of this field will help not only to take an
important step towards modernizing the
domestic system of forensic science, but
also to significantly improve the state
of practical activities. In addition, it is
importantto return to the recognition of the
dual nature of criminalistics as a science
that contains two components: natural and
technical (forensic technique) and legal
(forensic tactics and methods) ones. This
will make it possible to conduct research
in the field of criminalistics not only in law
but in biological, chemical, technical and
physical and mathematical sciences. We

believe that to meet the scientific needs
of criminalistics should be considered
as an independent science branch that
obtains degrees and academic titles, and
not as one of the components of a separate
specialization of law, as is currently the
case in Ukraine.

Conclusions

Currently, traditional methods of DNA
profiling based on analysis are widely
used in forensic practice. PSTR-loci (both
autosomal and Y-chromosome) and analysis
SNP mtDNA. At the same time, the latest
technologies are being actively developed
(to search for relatives based on DNA
profiles, determine human appearance, age
and biogeographical origin of DNA, use of
mass parallel sequencing methods of many
DNA fragments and perform rapid tests on
DNA profile). New methods are gradually
being introduced in different countries, but
they need further research for technical
and methodological improvement, as well
as proper legal regulation.

In Ukraine, technologies of forensic
DNA analysis have been used since the
early 1990s in forensic science institutions.
Technical equipment of domestic
laboratories of forensic genetics allows to
apply all modern traditional and newest
methods of forensic DNA analysis. However,
in reality, law enforcement practice uses
only traditional tools, moreover, not fully
but only to identify individuals on the
basis of traces and to determine biological
paternity and biological kinship in the
presence of biological samples. The main
obstacle to further development of this
area is the lack of proper legal regulation
of content and use of forensic accounting

70 IlleBuyxk B. M. IHHOBamiiiHi 3acagy KpUMIiHATICTUYHOTO 3abe3levYeHHsI MIPaBO3aCTOCOBHOI
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i kpuminanicmuku : 36. Hayk. mp. 2021. Bun. 23. C. 18. DOI: 10.32353/khrife.1.2021.01 (date ac-

cessed: 20.11.2021).

74


https://doi.org/10.32353/khrife.1.2021.01

Ruslan Stepaniuk. Forensic DNA Analysis: Development State and Prospects in Ukraine.

DOI: 10.32353/khrife.3.2021.05

of human genomic information, which
preventing formation of effective national
database of DNA profiles.

For quality improving of practical
activities in the field of forensic DNA
analysis, it is important to promote relevant
knowledge among law enforcement
officers to minimize common mistakes
in the preparation of objects for forensic
research. It seems appropriate to amend
criminal procedure legislation of Ukraine
in order to properly regulate the selection
of biological samples of a person, the
use of human genomic information,
implementation of rapid testing (rapid
analysis) for DNA profile. It is necessary to
take measures aimed at expanding the tool
kit accordingly real capabilities of existing
forensic genetics laboratories, creation
of such laboratories in those regions of
Ukraine where they currently do not exist.

We consider the state of scientific
support of DNA analysis issues in Ukraine
to be insufficient due to the lack of a clear
idea of the role and place of this industry
in the forensic system, as well as the
relevant comprehensive research. The
main directions of improving this state
are: a) real recognition of criminalistics
as a science that has a multidisciplinary
nature, and providing opportunities to
obtain degrees in criminalistics in the
field of biological sciences; b) careful
theoretical handling issue of the ratio of
forensic and forensic medical directions in
DNA analysis; ¢) supplementing structure
of forensic science with the Forensic DNA
Analysis section with a corresponding
improvement of the content of educational
and  methodological literature on
criminalistics.

Kpuminanicruunuii JHK-aHami3: cTan

i IepCIeKTUBY PO3BUTKY B YKpaiHi

Pycaan Cmenaniok

Mema docaidsceHHs — Y3aeaabHUMU 6i-

JoMOCTNI PO OCHOBHI HANPAMU 8UKOPUCTIAH-

Ha JHK-ananizy 6 npakmuui posKpumimms
ma po3caidy8anHs 3/A04UHI8, 3ACMOCO8Y8AHL
Y PISHUX KpAiHax c8imy, po3eAsHymu MOi-
AUBOCTL YUX HANpAMI8 1 CmaH ix ynposea-
OsceHHs Yy 8IMUUBHANY CAI0UY 1l eKCnepmmuy
Npaxmuky, a makoxc cPopmyniosamu as-
mopcvke baweHHs Tepcnekmug mnodasviuo-
20 pO3BUMKY MeOpemu4HUX | NPUKAAOHUX
acnexmig KpUMIHAAICMUYH020 00CAI0NCeHH
JHK 6 Yxpaini.

Cxapaxmepu3osano mpaduuyiiini me-
modu JTHK-npoginioganhs, 3acHo8ani Ha
amanisi STR-nokycie 1 docaidmcenni SNP
mm/JTHK, Hagedero ingopmayiio npo 3acmo-
CYBAHHS HOBIMMIX MeXHOA021lL 048 NOULYKY
poduuig 3a bazamu JHK-npoginie ma eusna-
ueHHs 8iKY Ui 6i02e0epadiuozo noxX00HeHHL
modunu 3a JJHK, a maxoxc memodié Macoso-
20 NAPANeNbHOZ0 CeK8eHY8AHHS HUCACHHUX
¢paemenmie JHK i BUKOHAHHA WEUOKUX
mecmis Ha JJHK-npoginv. 3aysasicero, 10 oc-
HO6HOI0 Nepeltkodor Ha WAAXY 100AAbULO20
possumxy JHK-ananisy 6 Yxpaini € gidcym-
HICMb HAAEHCHO20 TPAB0B020 pPecyl06aHM s,
wo 3asaxcac GopmysanHio epekmusHol Ha-
yioHanwvHol basu danux JHK-npoginis. 3eep-
HeHO Y8azy Ha A6HUIL Opak Haykoeoeo 3abes-
nedenns JJHK-0ocaidxcens 8 YKpaini.

3anponoHosano  WAAXU — pO38’I3aHHA
HaaeHux npobrem y uill cepi, 30kpema:
nonyaapusygamu 8i0nogioHi 3HAHHA Y ce-
pedosuyi npagooxopoHyis 0458 MIHIMI3ayii
MUNOBUX NOMUAOK Y N0BOOYCeHHI 31 cAidamMU
01010214H020 TNOXOOHCEHHS, YHeCiL 3MIHU
00 KpUMIHAALHOZ20 MPOUECYANbHOO 3AKOHO-
dascmea YKpainu 3 mMemow HA/LexcHo20 epe-
2YNI08AHHS NUMAHD 81016paAHHS 610A02THHUX
3paskig i 30iliCHeHHS eKCnpec-ananisié Ha
JHK-npogine; ysmcumu 3axodig 045 po3uLu-
PeHHS THCPYMEeHMAAbHOL 6a3U 1l peanbHUX
Moxcaugocmetl nabopamopiil cy0ogoi eete-
MUKU.

Katwouogi caosa:  xpuminasicmuyna
mexHika;, Kpuminanicmuunuil JHK-ananis;
JHK-npoginweanns; 6asa danux JHK;
JHK-gpenomunysanns.
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Kpumunanucruueckuii JHK-ananus:
COCTOSIHHIE U ITePCIIeKTUBBI PA3BUTHA
B YKpauHe
Pycaan Cmenauiox

Lleav uccnedosanus — 0bobuums ceede-
HUs 06 OCHOBHBLX HANPABACHUSLX UCTI0Ab308A-
Hus JHK-ananusa 6 npakmuke packpulmus
U paccnedoganus npecmynieHuil, npume-
HAEMBLX 8 PASHLLX CMPAHAX MUPA, paccmo-
mpemb 803MOXCHOCMU IMUX HATPABACHUIL
U COCTNOAHUE UX 8HeOpeHUs 8 OmeHuecnget-
HY10 CeJCTEeHHYI0 U IKCePMHYI0 NpaKmu-
KY, a4 maxdyce cQopmyAuposamv aemopcroe
sudenue nepcnekmug OanvHelluleeo pas3eu-
Mmusa meopemu4eckux U npukAaoHulx acnex-
mMo8 KpPUMUHAAUCTUYECK020 UCCAe008aHUSA
JHK 6 Ykpaune.

Oxapaxmepusoganvl.  mpaduyloHHble
Memodvl JJHK-npoguauposanus, OCHO8AH-
Hole Ha anaause STR-n0xycos u uccnedosa-
Huu SNP mmJHK, npusedena ungopmayus
0 NpUMeHeHUl HOBeUULUX TexXHOA0eUll 014
noucka poocmeentuxog no baszam JJHK-npo-
¢uneil u onpedenenus gospacma u 6uozeo-
2paguteckoe0 NpouUcxXoHOeHUs Uea08eKka 1o
JHK, a maksce memodos Maccosoeo napan-
/1eNbH020 CeKBEHUPOBAHUL MHO20HUUCACHHBLX
¢paemenmos JHK u guinoaHeHus 6blcmpulx
mecmos Ha JHK-npoguas. 3ameuero, umo
OCHOBHOe mpenamcmeue Ha nymu JdanvHell-
weeo pazeumus JHK-ananusa 6 Ykpaure —
omcymcmeue Hadneiauez0 npagosozo pe-
2YAUPOBAHUSA, Mellarouyeeo GopMUPOBAHUIO
appexmuenoil HaUUOHAALHOTL 6a3bL JAHHBLX
JHK-npoguaeil. Obpaijeno 6HUMAHUE HA
ABHYI0 HeDOCMAMOYHOCb HAY4HO020 0becne-
uenus JJHK-uccaedoganuil 8 Ykpaune.

IIpednooicervl nymu peuleHUs UMEIOUUX-
s npobaem 6 amoii cepe, 6 HaACMHOCML: 10-
NYAAPU308AMb COOMEEMCMEYioljle 3HAHUA
cpedu pabomHUKO8 NpasoOXPaAHUMENbHBLX
0pean08 014 MUHUMUIAYUL MUNULHBLX OLUU-
60K 8 0obpaujeHuL co credamu 61L0A02UHLeCK020
NPOUCX0XHCOeHUA; 8HeCTNU U3MeHeHUL 8 )eo-
/106H0e TPOUECCYanvHoe 3aKOH00amenbcmeo
Ykpaunul ¢ yeavio Hadnexcauyeeo ypeyaupo-

8aHUSL 80NPOCO8 OMOUPAHUL OUOA0ZUHECKUX
0bpasyos u nposedenus IKCnpecc-aHaAU308
Ha JHK-npoguae; npuname mepul K paculi-
DeHUI0 UHCTPYMeHMAAbHOU 6a3bl U peans-
HbLX 803MOMHCHOCTell nabopamoputi cyde6HOlL
2eHemuKu.

Katouesvle caosa: xpumuuanucmu-
Heckas MeXHUKd;, KpPUMUHAAUCTIUHYECKUTL
JHK-anaaus; JHK-npoguauposanue; 6asa
Oannvx JHK; JTHK-peromunuposatue.

Funding

This research did not receive any specific
grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Disclaimer

The funders had no role in the study design,
data collection and analysis, decision to
publish, or preparation of the manuscript.

Contributors

The author contributed solely to the
intellectual discussion underlying this
paper, case-law exploration, writing and
editing, and accept responsibility for the
content and interpretation.

Declaration of Competing Interest
The author declares that he has no conflict
of interest.

References

Abbasov, R. H., Povkh, A. S., Romanchuk, S. M.
(2018). Metodyka provedennia molekuliarno-
henetychnykh doslidzhen [Methods of DNA
Analyses]. Kyiv [in Ukrainian].

Bell, S., Sah, S., Albright, T. D., Gates, S. J.,
Denton, M. B., Casadevall, A. (2018). A call
for more science in forensic science.
Proceedings of the National Academy of
Sciences of the United States of America. Vol.
115 (18). DOI: 10.1073/pnas.1712161115.

Biedermann, A., Champod, C., Jackson, G., Gill,
P., Taylor, D., Butler, J., Morling, N., Hicks,
T., Vuille, J., Taroni, F. (2016). Evaluation of
Forensic DNA Traces When Propositions
of Interest Relate to Activities: Analysis
and Discussion of Recurrent Concerns.

76


https://doi.org/10.1073/pnas.1712161115

Ruslan Stepaniuk. Forensic DNA Analysis: Development State and Prospects in Ukraine.

DOI: 10.32353/khrife.3.2021.05

Frontiers in Genetics. Vol. 7. DOI: 10.3389/
fgene.2016.00215.

Bilous, V. V. (2015). Zakonodavche
zabezpechennia henetychnoi identyfikatsii
v Ukraini: problemy teorii i praktyky
kryminalistyky [Legislative Support of
Genetic Identification in Ukraine: Issues
of Theory and Practice of Criminalistics].
Pravo i suspilstvo. Ne 5-2. Ch. 3 [in
Ukrainian].

Butler, J. M. (2015). The future of forensic DNA
analysis. Phil. Trans. R. Soc. DOI: 10.1098/
rsth.2014.0252.

Butler, J. M. (2020). Decades of Developments
in Forensic Science. Forensic Science Review.
Vol. 32. No. 2. URL: link.gale.com/apps/doc/
A632092459/A0ONE?u=anon~5e20fac1&sid=g
oogleScholar&xid=b9a73375.

Butler, J. (2019). National DNA Day and the
Birth of Investigative Genetic Genealogy
/ National Institute of Standards and
Technology Taking Measure. Just
a Standard Blog. 25.04.2019. URL: https://
www.nist.gov/blogs/taking-measure/
national-dna-day-and-birth-investigative-
genetic-genealogy.

Butler, J. M., Willis, S. (2020). Interpol
review of forensic biology and forensic
DNA typing 2016—2019. Forensic Science
International: Synergy. Vol. 2. DOI: 10.1016/j.
fsisyn.2019.12.002.

Cale, C. M. (2015). Forensic DNA evidence
is not infallible. Nature. Vol. 526. DOI:
10.1038/526611a.

Callaghan, T. F. (2019). Responsible genetic
genealogy. Science. Vol. 366. Is. 6462. DOI:
10.1126/science.aaz6578.

Diachenko, N. M. (2011). Osnovni etapy rozvytku
molekuliarno-henetychnoi ekspertyzy
v Derzhavnomu naukovo-doslidnomu
ekspertno-kryminalistychnomu tsentri
MVS Ukrainy [Main Stages of Development
of DNA Testing in the State Research
Forensic Center of the Ministry of Internal
Affairs of Ukraine]. Kryminalistychnyi
visnyk. Ne 1 (15) [in Ukrainian].

Diachenko, N. M., Olkhovets, S. O., Lahus,
V. 1. (2003). Doslidzhennia DNK z obiektiv
biolohichnoho  pokhodzhennia  metodom
polimeraznoi lantsiuhovoi reaktsii [DNA
Research from Objects of Biological Origin

by Polymerase Chain Reaction]: metod. rek.
Kyiv [in Ukrainian].

Dunaieyv, O. V. (2013). Aktualni pytannia sudovo-
medychnoi henetyky v Ukraini [Current
Issues of Forensic Genetics in Ukraine].
Ukrainskyi medychnyi almanakh. T. 16. Ne 1
[in Ukrainian].

Ge, J., Budowle, B. (2021). Forensic investigation
approaches of searching relatives in DNA
databases. Journal of Forensic Sciences. Vol.
66.Is. 2. DOI: 10.1111/1556-4029.14615.

Gill, P. (2019). DNA evidence and miscarriages
of justice. Forensic Science International.
Vol. 294. DOI: 10.1016/j.forsciint.2018.12.003.

Gill, P. (2002). Role of Short Tandem Repeat
DNA in Forensic Casework in the UK —
Past, Present, and Future Perspectives.
Biotechniques.  Vol. 32 (2). DOIL
10.2144/02322rv01.

Greytak, E. M., Moore, C. C., Armentrout, S. L.
(2019). Genetic genealogy for cold case
and active investigations. Forensic Science

International. Vol. 299. DOI: 10.1016/.
forsciint.2019.03.039.
Horpyniuk, O. V. (2019). Mizhnarodni

standarty nakopychennia ta vykorystannia
biometrychnykh danykh (zrazkiv DNK)
u diialnosti pravookhoronnykh orhaniv
[International Standards for Collection
and Use of Biometric Data (DNA samples)
in activities of law enforcement agencies].
Yurydychnyi naukovyi elektronnyi zhurnal.
Ne 2. URL: http://www.lsej.org.ua/2_2019/70.
pdf [in Ukrainian].

Husieva, V. (2021). Perspektyvy vprovadzhennia
zarubizhnoho dosvidu vykorystannia DNK-
oblikiv u praktyku Ukrainy [Prospects for
Introduction of Foreign Experience in Use
of DNA Records in Ukrainian Practice].
Naukovyi visnyk Natsionalnoi akademii
vnutrishnikh sprav. Vyp. 119 (2). DOIL:
10.33270/01211192.121 [in Ukrainian].

Jeffreys, A. J., Wilson, V., Thein, S. L. (1985).
Individual-specific «fingerprints» of human
DNA. Nature. Vol. 316. P. 76—79. DOI:
10.1038/316076a0.

Kanava, O. Yu. (2019). Problemni pytannia
provedennia molekuliarno-henetychnykh
doslidzhen pry identyfikatsii bezvisty
znyklykh osib [Issues of DNA Testing
while Identification of Missing Persons].

77


https://doi.org/10.3389/fgene.2016.00215
https://doi.org/10.3389/fgene.2016.00215
https://doi.org/10.1098/rstb.2014.0252
https://doi.org/10.1098/rstb.2014.0252
https://doi.org/10.1016/j.fsisyn.2019.12.002
https://doi.org/10.1016/j.fsisyn.2019.12.002
https://doi.org/10.1038/526611a
https://doi.org/10.1038/526611a
https://doi.org/10.1126/science.aaz6578
https://doi.org/10.1126/science.aaz6578
https://doi.org/10.1111/1556-4029.14615
https://doi.org/10.1016/j.forsciint.2018.12.003
https://doi.org/10.2144/02322rv01
https://doi.org/10.2144/02322rv01
https://doi.org/10.1016/j.forsciint.2019.03.039
https://doi.org/10.1016/j.forsciint.2019.03.039
https://doi.org/10.33270/01211192.121
https://doi.org/10.33270/01211192.121
https://doi.org/10.1038/316076a0
https://doi.org/10.1038/316076a0

Theory and Practice of Forensic Science and Criminalistics. Issue 3 (25)

ISSN 1993-0917 e-ISSN 2708-5171

https://khrife-journal.org/index.php/journal

Yurydychnyi naukovyi elektronnyi zhurnal.
Ne 5. DOI: 10.32782/2524-0374/2019-5/71 [in
Ukrainian].

Kayser, M. (2015). Forensic DNA Phenotyping:
Predicting human appearance from crime
scene material for investigative purposes.
Forensic  Science International: Genetics.
Vol. 18. DOI: 10.1016/j.fsigen.2015.02.003.

Kayser, M. (2017). Forensic use of Y-chromosome
DNA: a general overview. Human Genetics.
Vol. 136. DOI: 10.1007/s00439-017-1776-9.

Kayser, M., Schneider, P. M. (2009). DNA-
based prediction of human externally

visible characteristics in  forensics:
Motivations, scientific challenges, and
ethical considerations. Forensic Science

International: Genetics. Vol. 3. Is. 3. DOI:
10.1016/j.fsigen.2009.01.012.

Kim, J., Mammo, D., Siegel, M. B., Katsanis, S. H.
(2011). Policy implications for familial
searching. Investigative Genetics. Vol. 22.
Is. 2. DOI: 10.1186/2041-2223-2-22.

Kofanov, A. V., Erhard, N. M. (2021). Sudovo-

ekspertna  kharakterystyka ~ henomu
liudyny ta yoho identyfikatsiinykh oznak
[Forensic Characteristics of Human

Genome and its Identification Signs].
Naukovi pratsi Natsionalnoho aviatsiinoho
universytetu. Seriia: Yurydychnyi visnyk
«Povitriane i kosmichne pravo». Vyp. 1 (58).
DOI: 10.18372/2307-9061.58.15327 [in
Ukrainian].

Kozeretska, O. I., Maistrenko, O. M., Serga,
S. V., Dombrovskyi, I. V., Ostapchenko,
L. I, Demydov, S. V., Kozeretska, I. A.
(2020). Allele frequencies for 15 forensic
STR loci in a population sample from the
Kyiv region, Ukraine. Australian Journal
of Forensic Sciences. Vol. 52. Is. 4. DOI:
10.1080/00450618.2019.1581255.

Kozhukhova, N. Ye., Kryvda, H. F., Kryvda,
R. H., Syvolap, Yu. M., Sulima, Yu. Yu.,
Chebotar, S. V. (2001). Vykorystannia analizu
DNK u sudovo-medychnykh ekspertyzakh
[Use of DNA Analysis in Forensic Medical
Examinations]: nauk.-prakt. vyd. ; za red.
Yu. M. Syvolapa ta H. F. Kryvdy. Odesa [in
Ukrainian].

Kozhukhova, N. Ye., Syvolap, Yu. M., Kryvda,
H. F. (2002). Problemy PLR-analizu:
dehradatsiia i  modyfikatsiia ~ DNK,

78

inhibuvannia, kontaminatsiia [Issues of PCR
Analysis: Degradation and Modification of
DNA, Inhibition, Contamination]: ohliad.
Ukrainskyi sudovo-medychnyi visnyk. Ne 1 [in
Ukrainian].

Kryvda, H. F. (2003). PLR-analiz molekuliarno-
henetychnoho polimorfizmu liudyny v sudovii
medytsyni [PCR Analysis of Human
Molecular ~ Genetic Polymorphism in
Forensic Medicine]: dys. ... d-ra med. nauk.
Kyiv [in Ukrainian].

Kryvda, R. H. (2009). Identyfikatsiia osoby v sudovii
medytsyni na osnovi PLR-analizu henomnoi
DNK kistkovoi tkanyny [Identification of
a Person in Forensic Medicine Based on PCR
Analysis of Genomic DNA of Bone Tissue]:
dys. ... kand. med. nauk. Kyiv [in Ukrainian].

Lozovaia, S. N., Matarykina, E. W

(2019). Ispolzovanie vozmozhnostei
kriminalisticheskogo ucheta
geneticheskikh  priznakov  cheloveka

vo vremia dosudebnogo rassledovaniia
[Using Possibilities of Forensic Accounting
of Human Genetic Traits while Pre-trial

investigation]. Sudebnaia ehkspertiza
Belarusi. Ne 2 (9) [in Russian].
Lynch, M. (2003). God’s signature: DNA

profiling, the new gold standard in forensic
science. Endeavour. Vol. 27. Is. 2. DOIL:
10.1016/S0160-9327(03)00068-1.

Machado, H., Granja, R. (2020). DNA
Technologies in Criminal Investigation and
Courts / Forensic Genetics in the Governance
of Crime. Singapore. DOI: 10.1007/978-981-
15-2429-5_4.

Marano, L. A., Fridman, C. (2019). DNA
phenotyping: current application in
forensic science. Research and Reports in
Forensic Medical Science. Vol. 9. DOI: 10.2147/
RRFMS.S164090.

Mehar, P. A. (2021). Forensic Genetic Genealogy:
An Investigative Aid. International Medico-
Legal Reporter Journal. February. URL:
https://legaldesire.com/wp-content/
uploads/2021/02/Download-and-Read-Full-
Text-12.pdf.

Melton, T., Holland, C., Holland, M. (2012).

Forensic Mitochondria DNA Analysis:
Current Practice and Future Potential.
Forensic  Science Review. Vol. 24 (2).
URL: https://www.researchgate.net/


https://doi.org/10.32782/2524-0374/2019-5/71
https://doi.org/10.1016/j.fsigen.2015.02.003
https://doi.org/10.1007/s00439-017-1776-9
https://doi.org/10.1016/j.fsigen.2009.01.012
https://doi.org/10.1016/j.fsigen.2009.01.012
https://doi.org/10.1186/2041-2223-2-22
https://doi.org/10.18372/2307-9061.58.15327
https://doi.org/10.1080/00450618.2019.1581255
https://doi.org/10.1080/00450618.2019.1581255
https://doi.org/10.1016/S0160-9327(03)00068-1
https://doi.org/10.1016/S0160-9327(03)00068-1
https://doi.org/10.1007/978-981-15-2429-5_4
https://doi.org/10.1007/978-981-15-2429-5_4
https://doi.org/10.2147/RRFMS.S164090
https://doi.org/10.2147/RRFMS.S164090

Ruslan Stepaniuk. Forensic DNA Analysis: Development State and Prospects in Ukraine.

DOI: 10.32353/khrife.3.2021.05

publication/230596464_Forensic_
Mitochondrial_DNA_Current_Practice_
and_Future_Potential.

Mielnik-Sikorska, M., Daca, P., WozZniak, M.,
Malyarchuk, B. A., Bednarek, J., Dobosz,
T., Grzybowski, T. (2013). Genetic data
from Y chromosome STR and SNP loci
in Ukrainian population. Forensic Science
International: Genetics. Vol. 7. Is. 1. DOI:
10.1016/j.fsigen.2012.05.007.

Mishalov, V. D., Khokholieva, T. V., Bachynskyi,
V. T., Voichenko, V. V., Kryvda, H. F.,
Kostenko, Ye. Ya. (2018). Sudova medytsyna
[Legal medicine]: pidruchnyk ; za zah. red.
V. D. Mishalova. Chernivtsi [in Ukrainian].

Parson, W. (2018). Age Estimation with DNA:
From Forensic DNA Fingerprinting
to TForensic (Epi)Genomics: A Mini-
Review. Gerontology. Vol. 64. No. 4. DOI:
10.1159/000486239.

Perlin, S. 1., Shevtsov, S. O., Ionova, V. V. (2019).
Henetychnyi  finherpryntinh:  vyluchennia
ta  doslidzhennia  slidiv  biolohichnoho
pokhodzhennia [Genetic Fingerprinting:
Extraction and research on traces of
biological origin]: prakt. porad. Kharkiv [in

Ukrainian].

Plevinskis, P. V. (2018). Kryvda Hryhorii
Fedorovych (do 70-richchia vid dnia
narodzhennia) [Kryvda Hryhorii

Fedorovych (to the 70th Anniversary of his
Birth)]. Sudovo-medychna ekspertyza. Ne 1 [in
Ukrainian].

Povkh, A. S., Romanchuk, S. M. (2018).
Kontaminatsiia pid chas molekuliarno-
henetychnoho doslidzhennia. Prychyny yii
vynyknennia ta naslidky [Contamination
while Forensic DNA Testing. Causes and
Consequences]. Kryminalistychnyi visnyk.
Ne 2 (30). DOI: 10.37025/1992-4437/2018-30-
2-106 [in Ukrainian].

Roewer, L. (2009). Y chromosome STR typing
in crime casework. Forensic Sci Med Pathol.
Vol. 5 (2). DOI: 10.1007/s12024-009-9089-5.

Samuel, G., Prainsack, B. (2019). Forensic
DNA phenotyping in Europe: views
“on the ground” from those who have
a professional stake in the technology.
New Genetics and Society. Critical Studies of
Contemporary Biosciences. Vol. 38. Is. 2. DOI:
10.1080/14636778.2018.1549984.

79

Schneider, P. M., Prainsack, B., Kayser, M. (2019).
The Use of Forensic DNA Phenotyping in
Predicting Appearance and Biogeographic
Ancestry. Deutsches Arzteblatt International.
Vol. 51—52. DOI: 10.3238/arztebl.2019.0873.

Serga, S. V., Dombrovskyi, I. V., Maistrenko,
0. M., Ostapchenko, L. I., Demydov, S. V.,
Krivda, R. G., Kozeretska, I. A. (2017). Allele
frequencies for 15 STR loci in the Ukrainian
population. Forensic Science International:
Genetics. Vol. 29. e40-e41. DOI: 10.1016/j.
fsigen.2017.05.004.

Shcherbakovskyi, M., Stepaniuxk, R., Kikinchuk,
V., Petrova, I., Hanzha, T. (2020). Assessment
of the conclusions of molecular genetic
examination in the investigation of crimes.
Amazonia Investiga. Vol. 9. No. 25. URL:
https://amazoniainvestiga.info/index.php/
amazonia/article/view/1097.

Shevchuk, V. M. (2021). Innovatsiini zasady

kryminalistychnoho zabezpechennia
pravozastosovnoi  diialnosti:  problemy
formuvannia kontseptsii [Innovative

Principles of Forensic Science Support for
Law Enforcement Activity: Issues of Concept
Formation]. Teoriia ta praktyka sudovoi
ekspertyzy i kryminalistyky. Vyp. 23. DOI:
10.32353/khrife.1.2021.01 [in Ukrainian].

Sobiah, R., Syeda, R. H., Zunaira, E., Nageen,
Z., Maria, K., Syeda, A. Z., et al. (2018).
Implications of Targeted Next Generation
Sequencing in Forensic Science. Journal
of Forensic Research. Vol. 9. Is. 1. DOI:
10.4172/2157-7145.1000416.

Stepaniuk, R. L., Perlin, S. I. (2019).
Napriamy rozvytku struktury i zmistu
kryminalistychnoi tekhniky v Ukraini.
Kryminalistychnyi visnyk. Vyp. 32 (2) [in
Ukrainian].

Stepaniuk, R. L., Perlin, S. I., Kikinchuk, V. V.
ta in. (2019). Kryminalistychne doslidzhennia
DNK: tekhnolohii ta mozhlyvosti [Directions
of Development of Structure and Content
of Forensic Technique in Ukraine]: navch.
posib. Kharkiv [in Ukrainian].

Stepaniuk, R. L., Shcherbakovskii, M. G.,
Kikinchuk, V. V., Lapta, S. P., Guseva, V. A.
(2019). Problemy primeneniia sudebnoi
molekuliarno-geneticheskoi  ehkspertizy
v ugolovnom proizvodstve Ukrainy [Issues
Application of forensic DNA Testing in


https://doi.org/10.1016/j.fsigen.2012.05.007
https://doi.org/10.1016/j.fsigen.2012.05.007
https://doi.org/10.1159/000486239
https://doi.org/10.1159/000486239
https://doi.org/10.37025/1992-4437/2018-30-2-106 
https://doi.org/10.37025/1992-4437/2018-30-2-106 
https://doi.org/10.1007/s12024-009-9089-5
https://doi.org/10.1080/14636778.2018.1549984
https://doi.org/10.1080/14636778.2018.1549984
https://doi.org/10.3238/arztebl.2019.0873
https://doi.org/10.1016/j.fsigen.2017.05.004
https://doi.org/10.1016/j.fsigen.2017.05.004
https://doi.org/10.32353/khrife.1.2021.01
https://doi.org/10.32353/khrife.1.2021.01
https://doi.org/10.4172/2157-7145.1000416
https://doi.org/10.4172/2157-7145.1000416

Theory and Practice of Forensic Science and Criminalistics. Issue 3 (25)

ISSN 1993-0917 e-ISSN 2708-5171

https://khrife-journal.org/index.php/journal

Criminal Proceedings of Ukraine]. Georgian
medical news. Ne 5 (290). URL: http://dspace.
univd.edu.ua/xmlui/handle/123456789/8659
[in Russian)].

Suter, S. M. (2010). All in the Family: Privacy and
DNA Familial Searching. Harvard Journal
of Law & Technology. Vol. 23. No. 2. URL:
http://jolt.law.harvard.edu/articles/pdf/
v23/23Harv]LTech309.pdf.

Syndercombe, Court, D. (2021). The Y chromo-
some and its use in forensic DNA analysis.
Emerg Top Life Sci. Vol. 5 (3). DOI: 10.1042/
ETLS20200339.

Wallace, H. M., Jackson, A. R., Gruber, ],
Thibedeau, A. D. (2014). Forensic DNA

databases — Ethical and legal standards:
A global review. Egyptian Journal of Forensic
Sciences. Vol. 4. Is. 3. DOIL: 10.1016/;.
€jfs.2014.04.002.

Yanchukov, A., Mykhaliuk, V., Kryvda, R. G.
(2021). Analysis of allele frequencies of
15STRlociin alarge population dataset from
Ukraine at the regional level. Australian
Journal of Forensic Sciences. Vol. 53. Is. 4.
DOI: 10.1080/00450618.2020.1749930.

Yang, Y., Xie, B., Yan, J. (2014). Application of
Next-generation Sequencing Technology in
Forensic Science. Genomics, Proteomics &
Bioinformatics. Vol. 12. Is. 5. DOI: 10.1016/j.
gpb.2014.09.001.

Stepaniuk, R. (2021). Forensic DNA Analysis: Development State and Prospects in Ukraine.
Theory and Practice of Forensic Science and Criminalistics. Issue 3 (25). P. 60—80. DOI: 10.32353/

khrife.3.2021.05.

80


https://doi.org/10.1042/ETLS20200339
https://doi.org/10.1042/ETLS20200339
https://doi.org/10.1016/j.ejfs.2014.04.002
https://doi.org/10.1016/j.ejfs.2014.04.002
https://doi.org/10.1080/00450618.2020.1749930
https://doi.org/10.1016/j.gpb.2014.09.001
https://doi.org/10.1016/j.gpb.2014.09.001
https://doi.org/10.32353/khrife.3.2021.05
https://doi.org/10.32353/khrife.3.2021.05

