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Summary. Identification expertise is one of the most complex types of expertise and, according
to global standards such as DVI-Interpol, involves several parallel types of investigation aimed
at confirming the result. Forensic molecular genetic testing is considered the «gold standard» of
identification studies, as the high discriminatory power of this method allows results to be obtained
with a high degree of certainty. However, due to errors at various stages of the expert’s work, it can
sometimes produce erroneous results that are inconsistent with other parallel investigative methods.

The aim of the study was to determine the frequency and causes of errors leading to erroneous
results of molecular genetic forensic examination in the Ivano-Frankivsk Scientific Research Forensic
Centre of the Ministry of Internal Affairs of Ukraine from 2019 to 2024.

Materials and methods. A retrospective study of 4595 conclusions of forensic molecular-genetic
expertise from 2019 to 2024 at the Ivano-Frankivsk Scientific Research Forensic Center of the Ministry
of Internal Affairs of Ukraine was conducted.

Results and discussion. When analysing the reasons for obtaining erroneous results, it was
found that human error and contamination were the most frequent causes throughout the study period.
Technical problems, sample mix-up and others were less frequent.

Conclusions. The indicators and error structure presented in this study are useful for improving
the quality and control of the performance of forensic molecular genetic expert testimony, as well as
contributing to the formation of an open research culture and helping to find ways to minimise errors.
However, it is important to remember that they are not relevant in the context of a specific study. It is
also worth considering the possibility of the presence of specific undisclosed errors in a particular case.
It is also important to clearly indicate the possibility of DNA transfer, etc. Forensic statistical models,
including Bayesian networks, can be useful to account for various uncertainties and to demonstrate
their impact on the probative value of forensic molecular genetic expert testimony.

Keywords: Personal identification, DNA, objects of biological origin, biological information,
forensic molecular genetic expert opinion.

Introduction. Identification expertise is one of the most complex types of expertise and, according
to global standards such as DVI-Interpol, involves several parallel types of investigation to confirm the
result. Molecular genetic forensic expertise is considered the «gold standard» of identification studies, as
the high discriminatory power of this method allows results to be obtained with a high degree of certainty.
However, due to errors at various stages of its execution, it sometimes produces erroneous results that
are inconsistent with other parallel investigative methods. This is a significant problem both from an
economic point of view, as each molecular genetic expert opinion is quite expensive and requires the use
of expensive reagents as well as specially trained personnel, and from a legal point of view, as it leads
to delays in court proceedings and the inability to make the right decision, which has another socially
negative aspect—public distrust of the investigating authorities, the prosecution and the court [1, 2].

Among the errors leading to erroneous results in forensic molecular genetic testing, three main
groups can be distinguished, namely
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— at the pre-laboratory stage, related to violations of the rules for collection, transport and storage
of biological material intended for forensic molecular genetic testing,

— at the laboratory stage, including technical errors and so-called «human errors»;

— at the post-laboratory stage, mainly related to the human factor, such as misinterpretation of
research results [3].

The most typical causes of investigative, expert and judicial errors in DNA analysis are
contamination (contamination of objects with the DNA of individuals who have worked with traces),
the extraction of objects containing DNA that was left before the event under investigation and is
not related to it (background DNA), and the detection at the scene of the crime of DNA that has
accidentally arrived there by indirect transfer, when the DNA of a third party first arrives on a certain
object (clothing, money, household items, etc.) and is then brought to the scene of the crime by other
individuals (Fig. 1).
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Fig. 1. Typical Causes of Errors Associated with Conducting Forensic Molecular-Genetic Expertise.

The experience of expert practice in recent years indicates the existence of certain problems
in the organisation of proper expert support for criminal proceedings. The emergence of negative
«chain reactionsy is caused, first of all, by the improper collection of traces of biological origin
during the examination of the crime scene, i.e. disregard of the rules of sterility, negligent handling
of the preparation of materials, which, in turn, leads to contamination of traces of biological origin
and sometimes prevents biological expertise. Therefore, during the examination of the scene of the
incident, which includes the collection of objects of biological origin, it is necessary to comply with
the requirements aimed at minimising the biological contamination of the objects and promptly sending
them to laboratories [4-6]. This applies both to the personnel directly carrying out the examination
of the scene of the incident and to other persons present in the area where the examination is being
carried out [7-9]. Equally important are the efforts made by laboratory staff to eliminate errors at the
laboratory and post-laboratory stages.

In view of the above, it is important to study and search for ways to solve the problems associated
with the collection and preservation, examination of objects of biological origin and interpretation of
the obtained results of molecular genetic research [10]. The specificity of biological trace information



Forensic-medical examination, 2024, Ne1l http.//forensic.bsmu.edu.ua

is that objects remain on objects of the material environment as a result of both contact and non-
contact interaction. The introduction of biological material can occur during conversation, laughing,
coughing, when objects are contaminated with cellular material, as a result of touching the face or other
exposed areas of the body, or through contact with objects such as mobile phones, pens, glasses, etc.
Such incidental generation of biological traces may result in contamination of items with biological
material from individuals participating in investigative activities and loss of trace information due to
improper handling of carrier objects.

The aim of the study was to determine the frequency and causes of errors leading to erroneous
results of forensic molecular genetic examination in the Ivano-Frankivsk Scientific Research Forensic
Centre (IFSRFC) of the Ministry of Internal Affairs of Ukraine in 2019-2024.

Materials and methods. A retrospective statistical study of 4568 conclusions of forensic
molecular genetic expertise in the period 2019-2024 at the IFSRFC of the Ministry of Internal Affairs
of Ukraine was conducted. The frequency of negative conclusions of forensic molecular-genetic
examination due to various errors occurring at the stage of organisation and conduct of examination
of the crime scene, collection, transport and storage of objects of biological origin was determined.

Results and discussion. It was found that in 2019-2024 at the IFSRFC of the Ministry of Internal
Affairs of Ukraine 4568 forensic molecular-genetic expert opinions were submitted for execution, of
which 4226 expert opinions were conducted, and the results of 662 of them were found to be erroneous

(Fig. 2).
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Fig. 2. Frequency of Erroneous Results of Forensic Molecular-Genetic Expertise at the IFSRFC from
2019 to 2024.

In 2019, 230 requests for expertise were received, of which 133 were completed. Negative
results were obtained in 19 cases, of which 97 were not achievable due to errors at various stages of
the expertise execution.

For the year 2020, 569 requests for expertise were received, of which 565 were completed.
Negative results were obtained in 138 cases, of which 4 were not achievable due to errors at various
stages of expertise execution.

In 2021, the Department of Biological Research and Records of the Ivano-Frankivsk SRFC
received 799 requests for molecular genetic expertise. Of these, 687 were completed, and in 196 cases
negative results were obtained, while in 112 cases erroneous results were obtained.

In 2022, 1349 requests for expertise were received, of which 1230 were completed. Of these, 165
expertise requests yielded negative results and 119 could not be completed due to errors encountered
at various stages of the research.
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It is known that in 2023, 1271 requests for expertise were submitted for examination, of which
1190 were completed, with negative results in 142 cases. In addition, 81 expertise requests could not
obtain results due to errors encountered at various stages of the expertise execution.

In the first three months of 2024, 350 expertise requests were received, of which 221 were completed,
with 2 negative results. In addition, in 129 cases no results could be obtained due to various errors (Fig. 3).
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Fig. 3. Structure of Errors in Conducting Forensic Molecular-Genetic Expertise

When analysing the reasons for erroneous results, it was found that human error and contamination
were the most common reasons throughout the study period. Technical problems, sample mix-up and
others were less frequent.

In 2019, human error occurred in 43 cases and contamination in 20 cases. It is also known that
in 2020, errors related to human error (2 cases) and contamination (2 cases) occurred with the same
frequency. In 2021, human error occurred in 49 cases and contamination in 31 cases. In 2022, human
error occurred in 40 cases and contamination in 31 cases. In 2023, 36 cases were due to human error
and 19 to contamination. For the first three months of 2024, human error occurred in 59 cases and
contamination in 35 cases (Fig. 3).

The indicators and structure of errors provided in this study are useful for improving the quality
and control of forensic molecular genetic expertise, as well as for promoting an open research culture
and contributing to the search for ways to minimise them. However, it is important to note that they may
not be relevant in the context of a specific investigation. It is also worth considering the possibility of
specific undetected errors in a particular case. Forensic statistical models, including Bayesian networks,
can be useful in considering various uncertainties and demonstrating their impact on the probative
value of forensic DNA analysis results.

Conclusion. The high discriminatory power of the molecular genetic research method allows
to obtain unique results. This is particularly useful in forensic medical research, paternity testing and
the comprehensive resolution of personal identification issues, in linking suspects to crime scenes or
victims, in assisting law enforcement agencies in solving crimes and in bringing perpetrators to justice..
However, it is important to bear in mind the possibility of false results.
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CTPYKTYPA IOMMJIOK I YAC MPOBEJEHHSA CYI0BOI
MOJEKYJIAPHO-TEHETUYHOI EKCIIEPTU3U
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! IBaHO-DpaHKIBChKMIA HalllOHATbHUI MeaHui YHiBepcuTeT MO3 Yikpainu, [Bano-DpaHkiBebk, YkpaiHa
2 HayKoBO-JOCIIIHUI eKcriepTHO-KpuMiHamicTuunuii neHTp MBC, IBano-®paHKiBChK, YKpaiHa

Pe3tome. Inentudikaniiina ekcriepTus3a € OJHUM 13 HAWCKIAJHIIINUX BUJIB €KCIEPTU3
1 mepenbayae BIAMOBIAHO 10 CBITOBUX cTaHAapTiB (Hampukiaa, DVI-Interpol) kinbka mapanenbHUX
BUJIIB PO3CIIlyBaHb, CIIPIMOBAHUX Ha MIATBEPKEHHS pe3ynbTary. CyJ0BY MOJIEKYISIPHO-TEHETUYHY
EKCTIEPTU3Y BBAXKAIOTh «30JI0TUM CTaHIAPTOM» 1ACHTU]IKAIIHHUX JOCTIHKEHb, OCKIJIBKA BUCOKA
JMCKPUMIHALIIIHA CHJIA ITHOTO METO/TY JI03BOJISIE OTPUMYBATH PE3YJBTaTH 3 BACOKAM PIBHEM JOKAa30BOCTI.
OpnHak 1HKOJIM Yepe3 MOMUIIKY Ha PI3HUX eTanax MpPOBeIeHHs eKCIePTU3U OTPUMYIOTh ii TOMUIKOBHH
pe3yJbTaT, SIKUii He 301raeThes 3 IHIIMMU MapaieIbHUMUA METOIAMH JTOCIT1KEHHS.

MeToro pocaixkeHHs OyJ0 BUSHAYUTH YaCTOTY Ta MPUYMUHU MOMUIIOK, 1110 TPU3BOAATH A0
MTOMUJIKOBUX PE3YNIBTATIB CYTIOBUX MOJIEKYIISIPHO-TeHETUIHUX ekcriepTus 3 2019 mo 2024 poku B IBano-
@OpaHKiBCHKOMY HayKOBO-AOCIIIHOMY €KCIIEpTHO-KpuMiHaticThaHoMy 1eHTpi MBC Ykpainu.

Marepiaj Ta MeToau. 31i1CHEHO PETPOCIIEKTUBHE TOCIIKCHHS 4595 BUCHOBKIB CYyIOBUX
MOJIEKYJISIPHO-TEHETUUHUX eKCIepTu3, poseaeHux 3 2019 no 2024 poku B IBaHO-PpaHKIBCHKOMY
HayKOBO-J0CIITHOMY €KCIIepTHO-KpUMiHanicTuuHoMy 1enTpi MBC Vkpainu.

PesyabTaTu Ta iX 00roBopenns. [1ix yac ananizy npuurH OTpUMaHHS IOMIJIKOBUX PE3YJIbTaTIB
OyJ10 BCTAHOBJICHO, 1110 32 BECh MEPIOJI IO CIIKEHHS HalO1IbIIe 3a)iKCOBAHO JTIOICHKUX MMOMHIIOK Ta
3a0pymaHeHHs. Piiie BUHUKAIW TEXHIYHI MPOOJIEMH, CIUTYTyBaHHS 3pa3KiB TOIIIO.

BucHoBku. HaBeneHi B JOCTIKEHH] MMOKa3HUKHU Ta CTPYKTypa MIOMIJIOK € KOPUCHUMU IS
MIIBUIIEHHS SKOCTI Ta KOHTPOITIO 32 POBEICHHSIM CYI0BOT MOJIEKY/ISIPHO-TEHETUYHOT EKCTIEPTU3H, a TAKOX
CHPUSIOTH (POPMYBAHHIO KYJIBTYPH BIAKPUTOTO JOCIIIKEHHS Ta MONIYKY IIIAXIB X MiHIMIZawii. OnHak
Ba)XKJIMBO He 3a0yBary, 1110 BOHU HE MAIOTh 3HAYEHHS B KOHTEKCTI KOHKPETHOTO JOCIIKEHHS. TaKox
BapTO BPaXOBYBATH MOXIJIMBICTh HAsIBHOCTI B KOHKPETHOMY BUIAJIKy HEPO3KPUTUX MOMIJIOK. BaxkimnBo
TaKOX YiTKO BKa3zaTh MOXJIMBICTb nepeHeceHHs JJHK tomo. CynoBo-cTatucTHyHi MOJEI, Y TOMY YHCII
0aileCOBCHKI Mepexi, MOXKYTh OyTH KOPHCHUMH JJTsl BpaxXyBaHHs PI3HOMaHITHUX HEBU3HAYEHOCTEH Ta
JIEMOHCTpaIlii X BIUIMBY Ha JOKAa30BY CHITY PE3YJBTaTiB CY/I0BOI MOJIEKYIISIPHO-TEHETUYHOI €KCIIEPTU3H.

Kurouosi ciioBa: inentudikanis ocodu, JJHK, 06’ektr 61010r19HOT0 MOXOKEHHS, O1010T14HA
iH(popMallis, Cy[J0Ba MOJIEKY/ISIPHO-TE€HETHYHA €KCIIEPTH3a.
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