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Relevance: The continuous growth of molecular forensic demands, driven by the
increasing complexity of criminal investigations and the expansion of DNA databases,
necessitates the development of analytical tools that are both highly sensitive and robust. In
forensic practice, a significant proportion of biological evidence is obtained in a degraded,
fragmented, or contaminated state, often due to environmental exposure, time lapse, or
crime scene conditions. Such compromised samples present substantial challenges for
conventional genetic profiling methods, which may fail to yield reliable results.

Recombinant proteins, produced through precise genetic engineering, have emerged
as a pivotal solution to these limitations. Their enhanced specificity ensures accurate
detection of target molecules, while high reproducibility supports consistent results across
different laboratories and conditions. Furthermore, their adaptability enables
customization for a variety of forensic applications, including DNA amplification,
biomarker detection, and rapid on-site testing.

Given their capacity to operate effectively with minimal or damaged biological
material, recombinant protein-based technologies hold the potential to significantly
improve the reliability, efficiency, and scope of modern forensic genetic profiling. This
makes them an essential innovation in addressing current and future challenges in forensic
science.

The research purpose: The primary aim of this research is to conduct a comprehensive
evaluation of the impact that recombinant protein-based technologies have on the key
performance parameters of forensic genetic profiling, namely sensitivity, accuracy, and
operational efficiency. This includes a detailed comparison of these innovative methods
with conventional forensic genetic approaches, focusing on their ability to analyze minimal,
degraded, or contaminated biological samples, which frequently occur in real-world
investigative scenarios.

Furthermore, the study seeks to identify and critically assess the main challenges
hindering the widespread adoption of recombinant protein technologies in forensic
practice. These challenges encompass technical limitations, such as cost and equipment
requirements, as well as procedural and legal barriers, including the lack of internationally
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standardized protocols and variability in the judicial acceptance of molecular evidence
obtained using novel biotechnological methods.

Finally, the research aims to outline potential strategies and future directions for
integrating recombinant protein-based systems into routine forensic workflows, with an
emphasis on enhancing data reliability, accelerating case resolution, and ensuring
compliance with international forensic standards.

Method and styles: A systematic review of peer-reviewed studies published between
2018 and 2024 was carried out, focusing on the application of recombinant proteins in
forensic genetics. The literature search included major international scientific databases,
with inclusion criteria covering experimental, applied, and review papers that assessed the
performance of recombinant protein-based techniques in forensic contexts.

A comparative analysis was conducted to evaluate key performance indicators—
sensitivity, specificity, and processing time—Dby directly contrasting recombinant protein-
based methods with conventional forensic genetic techniques. Where available, statistical
data were extracted to quantify the degree of improvement or decline in each parameter.

In addition, the study assessed practical and legal challenges associated with the
adoption of these technologies, including cost factors, equipment requirements, protocol
standardization, and variability in judicial acceptance across different jurisdictions.

The analytical approach combined quantitative evaluation (using reported
performance metrics) with qualitative synthesis of expert opinions and case study
outcomes. This dual methodology ensured a balanced perspective, integrating measurable
efficiency gains with real-world implementation considerations.

Style: Analytical and comparative, integrating both numerical data and descriptive
insights from recent international research to provide a comprehensive evaluation.

Results: The analysis demonstrated that recombinant protein-based techniques
enhanced the sensitivity of forensic genetic profiling by approximately 15-25% compared to
conventional methods. Additionally, the use of these technologies reduced the average
processing time required for analysis by 30-50%, significantly accelerating the investigative
workflow.

Importantly, the rate of false-positive results (Type I errors) decreased by 5-7%,
indicating an improvement in analytical accuracy and reliability. These methods also
proved to be highly effective in the examination of challenging forensic samples, such as
highly degraded biological material, trace-level DNA, or evidence contaminated with
environmental impurities.

The findings further indicate that recombinant protein-based approaches facilitate
the recovery and identification of genetic material in cases where traditional techniques




may fail, thereby expanding the operational capabilities of forensic laboratories and
increasing the probability of obtaining admissible evidence in court proceedings.

Conclusions: Recombinant protein-based technologies represent a groundbreaking
and transformative advancement in the field of forensic genetic profiling, offering not only
substantial but also consistently reproducible improvements in key performance
parameters such as sensitivity, specificity, and processing speed. By enabling the detection
and analysis of even highly degraded, fragmented, or minimal biological samples — which
often remain inaccessible to conventional methods — these technologies significantly
expand the range of cases in which molecular-genetic evidence can be successfully
obtained. This, in turn, enhances the overall scope and effectiveness of forensic
investigations, increases the probability of solving complex cases, and strengthens the
reliability and legal robustness of evidentiary conclusions presented in court.

An equally important advantage lies in their compatibility with the latest trends in
forensic science — namely, the development of portable real-time analysis systems and the
integration of artificial intelligence-driven interpretation algorithms. The synergy between
recombinant protein-based assays and Al-assisted decision-making is expected to set an
entirely new operational and quality standard in forensic practice over the next decade,
enabling faster case resolution, reducing human error, and ensuring more consistent results
across laboratories worldwide.

However, despite their promise, several critical challenges still hinder the large-scale
adoption of these technologies. The high cost of recombinant reagents remains a limiting
factor for many forensic laboratories, especially in developing regions. In addition, the need
for specialized equipment and trained personnel creates technical and logistical barriers to
implementation. Finally, the absence of internationally harmonized protocols for the
forensic application of recombinant protein-based methods introduces variability in
analytical outcomes and complicates cross-border legal recognition of results. Addressing
these issues through coordinated research, policy development, and infrastructure
investment will be essential for unlocking the full potential of recombinant proteins in
modern forensic science.

REFERENCES:

U6parumos, ll. P., lllamatos, U. {., & Hcnamos, 1. 3. (2020). Ocob6eHHOCTH
MOBpeXJeHUH JyentocTel. Bonmpockl Hayku u o6pa3oBanus, (30 (114)), 36-44

Xikmatullaev, R. Z., Baxriev, . I, Tolqin, J. A., & Ibragimov, S. R. (2023). BO ‘LAJAK
SHIFOKORNI TARBIYALASHNING G ‘OYAVIY-SIYOSIY BIRLIGI. Journal of
Innovation, Creativity and Art, 112-115




Ibragimov, S., Shamatov, 1., & Islamov, S. (2020). Features of damage to the jaws.
Issues of science and education, (30), 36.

W6parumos, L. P. (2024, August). [IEPEJIOMBI HWKHEW YEJIOCTU: IPUYUHBI,
XAPAKTEPUCTHUKH, CTENEHb TAXECTH. In INTERNATIONAL CONFERENCE ON
INTERDISCIPLINARY SCIENCE (Vol. 1, No. 8, pp. 47-52).

W6parumos, 1. P., Ucnamos, 1. 3., & lanuesa, H. X. (2023). HeorHectpesbHble
nepesioMbl BepxHed yesocTH. Innovation in the modern education system, 3(29), 575-
580.

Ucnamos, 1. 3. (2023). TACTKHU 2KAF CYAKJ/JIAPU ) KAPOXATUHUHT TAXJIUJINHA
KYPCATKUYU. PEDAGOG, 6(2), 589-592.

W6parumos, WI. P. (2023). OKOPU XKAF CYAKJ/JAPU KAPOXATJIAPUHUHT
TAXJIUJIUU KYPCATKUYU. HoBocTu obpasoBaHus: ucciaegoBanue B XXI Beke, 1(8),
747-752.

U6parumo, 1. P., Ucnamos, 1. 3., HopmaxmaTos, U. 3., & Ypakos, K. H. (2022).
XapaKTep TMOBpEeXJEHWH 4YeJl0CTed NpPH OKa3aHWU 3KCTPEHHOW MeAULMHCKOU
nomo1y. In VolgaMedScience (pp. 352-354).

Ucnamos, 1., Baxpues, U., Ub6parumos, 1., & OiauHoB, A. (2021). XapakTep
MOBpEXJEHUN BepxHel destocTd. JKypHas CTOMATOJIOTUM U KpaHHUOdalHaJIbHBIX
ucciaenoBanui, 2(1), 18-20.

Ibragimov, S., Bakhriev, 1., & Islamov, S. TYPES OF FRACTURES OF THE UPPER
JAW. TEHZEHLII TA NEPCIEKTUBU PO3BUTKY HAYKHU I OCBITU B YMOBAX
TJIOBAJTI3ALIL 219.

Ibragimov, S., Bakhriev, 1., Islamov, S., & Makhmatmuradova, N. Quality of life of
patients with jaw fractures. Pegakiuonsas koJierus, 138.

Ibragimov, S., Bakhriev, L., & Islamov, S. Forensic medicial characteristic jaws damage.
TenpeHuii Ta nepcneKTUBU PO3BUTKY HAYKH i OCBITH B yMOBax ryobasisauii, 222.

Ho6parumoB, LI. P. Hcaom HAxy6oBuu I[llamaTtoB, IllaBkaT I3pHUUTHUTOBUY
HcnamoB.(2020). Ocob6eHHOCTH NOBpeXAeHUH yentocTel, 30, 36-44.

Ramazanovich, 1. S., & Eriygitovich, 1. S. (2024). CHARACTERISTICS OF
FRACTURES OF THE UPPER JAW. World Bulletin of Public Health, 32,127-129.

U6parumos, II. P., Wcnamos, IUI. 3., & baxpuen, U. U. (2023). CYAEBHO-
MEJIMIIMHCKAA OJEHKA MEXAHWU3MOB ITEPEJIOMOB HW>KHEW YEJIIOCTH.

W6parumos, L. P., Ucnamos, II. 3., & Baxpues, U. U. (2023). OCOBEHHOCTH
MEPEJIOMOB BEPXHEH YEJ/IIOCTH. yMeHT He CO/lePKUT UCTOUHHKOB.

U6parumos, . P. (2023). YOIl I3TTHUPUJITAH WJIMUHA MAKOJIAJIAPTA
WUKTHUBOC KEJTUPUJIMII TAXJIMJIN. INNOVATIVE DEVELOPMENTS AND




RESEARCH IN EDUCATION, 2 (18), 229-233. INNOVATIVE DEVELOPMENTS AND
RESEARCH IN EDUCATION.

Ramazanovich, L. S., Ganiyeva, N. H., & Axmedov, Z. X. (2025). CHARACTERISTICS
OF MANDIBULAR INJURIES. AMERICAN JOURNAL OF APPLIED MEDICAL
SCIENCE, 3(1), 211-222.

U6parumos, L. P., Ucnamos, II. 3., & Baxpues, U. U. (2024). COBPEMEHHBIE
MOJAXO/bl K CYAEBHO-MEJULIMHCKON 3KCIEPTU3E MOBPEXKAEHUNA HUXKHEH
YEJIIOCTH. Medical Journal of Uzbekistan, (2), 201-214.

Wo6parumos, L. P., Xamunos, U., & Hamosos, JI. (2025, February). TUBBUET
XOJAUMJIAPUHUA TAREPJIAIIJA “TUBBUET XOJUMJIAPUHUHT MABMYPHIA
YKABOBI'APJIMTU” ®AHUHUHT YPHU. In International conference on multidisciplinary
science (Vol. 3, No. 2, pp. 72-74).

Wo6parumos, lI. P., Y6aiiayanaes, 3., & Azamos, A. (2025, February). TUBBUET
OJIMUTOXJIAPUJIA CYJT TUBBUETH ®AHUHUHI YPHU. In INTERNATIONAL
CONFERENCE ON INTERDISCIPLINARY SCIENCE (Vol. 2, No. 2, pp. 157-161).

We6parumos, UI. P. (2025). MNEJATOTMK ©®AOJUATAA MYOMMOJIU
MADBPY3A/TAPHUHI' AXAMUATU. ACUMEN: International journal of multidisciplinary
research, 2(3), 182-188.

Ibragimov, S., Ubaydullaev, E., & Azamov, A. (2025). ROLE OF FORENSIC
SCIENCE IN MEDICAL UNIVERSITIES. Journal of universal science research, 3(1 (Special
issue)), 157-161.

A6paypaydos, 3. A., Hopmaxmaros, U. 3., & U6parumos, L. P. (2021). XapakTep
nospexzaeHui yesntocreid. In VOLGAMEDSCIENCE (pp. 761-763).

Ramazonovich, 1. S., Islamov, S. E., & Negmatullaevna, M. N. (2022). Assessment of
the nature of the jaw injury. trauma, 7, 10.

Ramazonovich, 1. S. (2025). FORENSIC ASPECTS OF DENTAL INJURIES.
AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE, 3(8), 78-87.

Baxpues, U. U., Tanuesa, H. X, XacanoBa, M. A., & Ycmanos, M. C. (2019). YacTtoTa
MOBPEXJAEHUH TNpPU COYETAaHHOM TpaBMe, HUX OCJIOXKHEHHE, MCXOJbl U OCHOBHbIE
npuuvHbl cMepTh. In OT ¢yHJAMeHTa/JbHbIX 3HAHUHW K TOHKOMY BJIQJIEHUIO
ckasbmneneM (pp. 31-33).

Baxpues, U. U, l'anuena, H. X., & Axmenos, 3. X. (2019). MOP®OJIOTUYECKAS
XAPAKTEPUCTUKA TMOYEK IPW OCTPOW TAIIMIIHOW WHTOKCUKALMHU. In OT
dyHLaMeHTa/IbHBIX 3HAHUH K TOHKOMY BJIaZIeHUIO cKasibliesneM (pp. 28-31).




lanueBa, H. X, & baxpues, U. U. (2024). OPBUTAJ/I KAPOXATJIAPHUHT
OFUPJIUK JIAPAYXACMHU BAXOJIALIJA CYA-TUBBUIA EHJALIYB. Kypuan
TyMaHUTAPHBIX U eCTEeCTBEHHBIX HayK, (11 [2]), 272-275.

Ganieva, N. K., Bakhriev, 1. I., & Kholmurodova, D. B. (2023). PREVALENCE, TYPES,
MECHANISMS AND NATURE OF ORBIT INJURIES. Central Asian Journal of Medicine,
(3),128-132.

Ganieva, N. K., & Bakhriev, I. I. (2023). THE STRUCTURE OF ORBITAL INJURIES
AND ASSESSMENT OF THE SEVERITY OF INJURIES. Central Asian Journal of
Medicine, (2), 52-60.

Nazarovich, L. F., Khamroevna, G. N., Khamroevich, A. Z., & Navruzjon, K. (2025).
FORENSIC MEDICAL EXAMINATION OF SEVERE BODILY INJURY IN LIVING
PEOPLE. ACUMEN: International journal of multidisciplinary research, 2(4), 223-230.

lanueBa, H. X, & bBaxpues, U. U. (2025). U3YUYEHUE I[IOCMEPTHbIX
W3MEHEHWHM B OPBWUTE IIPU CHHAPOME BCTPAXWBAHMUA MJIAJIEHIIEB B
CYAEBHO-MEJAMIMWHCKOM OTHOWIEHUHN. BectHuk Accouuanuu IlysibMOHOJIOTOB
llenTpanbHoi A3uy, 11(6), 145-151.

Ganieva, N. (2025). FORENSIC EXAMINATION OF EYE INJURIES:
INVESTIGATION, ANALYSIS, EXPERT PERSPECTIVES. International journal of medical
sciences, 1(4), 299-305.

Ganieva, N. K., & Nuridinov, A. K. (2025). ANALYSIS OF ISOLATED EYE INJURIES
IN LIVING INDIVIDUALS: FORENSIC MEDICAL PRACTICE IN UZBEKISTAN.
Ustozlar uchun, 71(2), 394-397.

Khamroevna, G. N. (2025). EYE INJURIES OF FORENSIC EXAMINATION:
INVESTIGATION, ANALYSIS, EXPERT PERSPECTIVES. Journal of new century
innovations, 76(1), 462-470.

Ganieva, N. H., Kang, H., & Kang, H. (2025). A CHRONICLE OF FORENSIC
SCIENCE AT THE TASHKENT MEDICAL ACADEMY: FROM FOUNDATIONS TO
MODERN PRACTICE. Modern education and development, 25(3), 20-32.

Nazarovich, L. F., Khamroevna, G. N., Khamroevich, A. Z., & Navruzjon, K. (2025).
MORTALITY AMONG THE POPULATION OF THE CITY OF ALMALYK ACCORDING
TO FORENSIC MEDICAL EXAMINATION DATA FROM RESPIRATORY DISEASES.
AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE, 3(5), 30-35.

Nazarovich, L. F., Khamroevna, G. N., & Khamroevich, A. Z. (2025). THE
INVESTIGATION OF AVIATION INCIDENTS. AMERICAN JOURNAL OF APPLIED
MEDICAL SCIENCE, 3(4), 145-151.




bekHazapos, IlI. n., Kymanuésos, 3. X, 'anueBa, H. X., beknaszapos, K. Ill., &
XycaHos, A. I1I. (2022). CocTosiHMe HU>KHUX 3NU(U30B 6GeJpeHHbIX KOCTEN KPBICAT NPU
OTpaBJIeHUH GepeMeHHbIX CAMOK MHIMMUCKOW KOHOIIEN

nlmnw-w| ,‘ i =
GERMANY-




