
ICSAS
2. ULUSLARARASI

BİYOLOJİ, BIYOKIMYA ve 
MOLEKÜLER BİYOLOJİ 

KONGRESİ
19 - 21 Eylül 2025

İZMİR
YÜZYÜZE ve ONLİNE

ICSAS ACADEMY

www.icsasconferences.org



 

2025          ACADEMY GLOBAL CONFERENCES & JOURNALS 

 

 

 

 
ICSAS 2nd INTERNATIONAL CONFERENCE ON BIOLOGY, BIOCHEMISTRY 

AND MOLECULAR BIOLOGY 

September 19 - 21, 2025 

Izmir 
 

Edited By 
Prof. Dr. Hülya ÇİÇEk 

 

 

 
ORGANIIZATION 

ACADEMY GLOBAL CONFERENCES  

 

 

 

EVALUATION PROCESS 

All applications have undergone a double-blind peer review process.  

 

 

 

PARTICIPATING COUNTRIES 

TURKEY – Iran – Portugal- Japan- Nigeria- Serbia- Russia- Oman- Lebanon- Egypt- Saudi 

Arabia- Hungary- Jordan  - Yemen- Indonesia- Taiwan- Algeria – Greece- Bangladesh- India 

– Malaysia-  

 

PRESENTATION

Oral presentation 

 

PERCENTAGE OF PARTICIPATION 

More than 50 % of paper are presented by participants from maintained countries.  

18 papers from Turkey and 32 paper from other countries.  

 

Members of the organizing committees of the conference perform their duties with an 

"official assignment letter" 

 

 

LANGUAGES 

Turkish, English, Russian, Persian, Arabic 

 



 

2025          ACADEMY GLOBAL CONFERENCES & JOURNALS 

 

CONGRESS ORGANIZING BOARD  
Prof. Dr. Başak Hanedan 

Prof. Dr. Hajar Huseynova 
Prof. Dr. Dwi Sulisworo 

Prof. Zain Musa 
Prof. Dr. Sameer Jain 
Prof Yakup Babayev 
Prof. Dr.  Suyatno 

Prof. Dr. Hasan Akan 
Prof. Dr. Elif Akpınar Külekçi 

Assoc. Prof. Dr. Yeliz Çakır Sahilli 
Assoc. Prof. Dr. Berna Koçak 

Assoc. Prof. Dr. Dhesi Ari Astuti 
Assoc. Prof. Dr. Mehmet Fırat Baran 

Assoc. Prof. Dr. Abdulkadir Aydın 
Assoc. Prof. Dody Hartanto 

Assoc. Prof. Dr. Rungchacadaporn 
Assoc. Prof. Nazile Abdullazade 

Assoc Prof. Dr. Feran Aşur 
Assoc. Prof. Dr. Dini Yuniarti 

Assoc. Prof. Ivaylo Staykov 
Assoc. Prof. Dr. Abbas Ghaffari 

Assoc. Prof. Dr. Yasemin Taş 

Assoc. Prof. Dr. Yeganə Qəhrəmanova 
Assoc. Prof. Dr. Bülent Işık 

Assoc. Prof. Dr. Nurkan Yılmaz 
Assoc. Prof. Dr. Sevra Fırıncıoğulları 

Assist. Prof. Ihwan Ghazali 

Assist. Prof. Dr. Abışov Elşad Şərəfxan oğlu 
Assist. Prof. Dr. Mahrukh Dovlatzade  
Assist. Prof. Dr. Naci Büyükkaracığan 

Assist. Prof. Dr. Songül ATAK 
Lecturer Mehmet Nuri Ödük 
Dr. Fatih İ. Kurşunmaden 

Assist. Prof. Dr. Mehdi Meskini Heydarlou 
Dr. Dadash  Mehravari 

Dr. Gültekin Gürçay 

Dr. Aynurə Əliyeva 
Dr. Amaneh Manafidizajı 

 
All rights of this book belong to Academy Global Publishing House 

Without permission can’t be duplicate or copied. 

Authors of chapters are responsible both ethically and juridically. 

Academy Conference–2025 © 

 

Issued: 15.10. 2025 

ISBN:  978-625-5694-15-7



ICSAS ACADEMY 

Education - Publication - Conferences - Exhibitions  
 

Scientific & Review Committee 

 

Prof. Dr. Hülya Çiçek – Turkiye 

Prof. Dr. Emine Koca – Turkiye 

Prof. Dr. Fatma Koç – Turkiye 

Prof. Dr. Valide Paşayeva - Türkiye 

Prof. Dr. Ali Bilgili - Turkiye 

Prof. Dr. Naile Bilgili - Turkiye 

Prof. Dr. Başak Hanedan – Turkiye 

Prof. Dr. Aysel Güven - Turkiye 

Prof Dr. Bülent Kurtişoğlu – Turkiye 

Prof. Dr. Hajar Huseynova – Azerbaijan 

Prof. Dr. Dwi Sulisworo – Indonesia 

Prof. Dr. Natalia Latygina – Ukraina 

Prof. Dr. Yunir Abdrahimov – Russia 

Prof. Muntazir Mehdi – Pakistan 

Prof. Dr. T.Venkat Narayana Rao – India 

Prof. Dr. İzzet Gümüş – Turkiye 

Prof. Dr. Mustafa Bayram – Turkiye 

Prof. Dr. Saim Zeki Bostan – Turkiye       

Prof. Dr. Hyeonjin Lee – China 

Prof. Yakup Babayev - Azerbaijan 

Prof. Dr.  Suyatno – Indonesia 

Prof. Dr. Zain Musa – Cambodia 

Prof. Dr. Sameer Jain – India 

Prof.  Mehdi  Mohammadzade – Iran 

Prof. Dr. Hasan Akan – Turkiye 

Prof. Dr. Ika Maryani - Indonesia 

Assoc. Prof. Dr. Yeliz Çakır Sahilli - Turkiye 

Assoc. Prof. Dr. Berna Koçak - Turkiye 

Assoc. Prof. Dr. Dhesi Ari Astuti – Indonesia 

Assoc. Prof. Dr. Abdulkadir Aydın - Turkiye 

Assoc. Prof. Dr. Elif Akpınar Külekçi - Turkiye 

Assoc Prof. Dr. Feran Aşur – Turkiye 

Assoc. Prof. Dr. Yasemin Taş – Turkiye 

Assoc. Prof. Dr. Bülent Işık - Turkiye 

Assoc. Prof. Dr. Nurkan Yılmaz - Turkiye 

Assoc. Prof. Dr. Sevra Fırıncıoğulları - Turkiye 

Assoc. Prof. Dr. Abdulsemet Aydın – Turkiye 



ICSAS ACADEMY 

Education - Publication - Conferences - Exhibitions  
 

Assoc. Prof. Dr. Mehmet Fırat Baran - Turkiye 

Assoc. Prof. Dr. Dilorom Hamroeva - Ozbekstan 

Assoc. Prof. Dr. Abbas Ghaffari – Iran 

Assoc. Prof. Ivaylo Staykov - Bulgaria 

Assoc. Prof. Dr. Dini Yuniarti – Indonesia 

Assoc. Prof. Dr. Ümit Ayata – Turkiye 

Assoc. Prof. Dr. Həmzə Əliyev - Azerbaijan 

Assoc. Prof. Dr. Okan Sarıgöz – Turkiye 

Assoc. Prof. Dr. Eda Bozkurt – Turkiye 

Assoc. Prof. Dr. Ahmet Topal – Turkiye 

Assoc. Prof. Dr. Abdulkadir Kırbaş – Turkiye 

Assoc. Prof. Dr. Mesut Bulut – Turkiye 

Assoc. Prof. Dr. Fahriye Emgili – Turkiye 

Assoc. Prof. Dr. Sandeep Gupta – India 

Assoc. Prof. Dr. Veysel Parlak – Turkiye 

Assoc. Prof. Dr. Mahmut İslamoğlu – Turkiye 

Assoc. Prof. Dr. Nazile Abdullazade – Azerbaijan 

Assoc. Prof. Dr. Yeganə  Qəhrəmanova – Azerbaijan 

Assoc. Prof.  Ali Vandshoari - İran 

Assist. Prof. Dr. Göksel Ulay – Turkiye 

Assist. Prof. K. R. Padma – India 

Assist. Prof. Dr. Omid Afghan - Afghanistan 

Assist. Prof. Dr.  Maha Hamdan Alanazi - Saudi Arabia 

Assist. Prof. Dr.  Dzhakipbek Altaevich Altayev - Kazakhstan 

Assist. Prof. Dr.  Amina Salihi Bayero – Nigeria 

Assist. Prof. Dr.  Ahmad Sharif Fakheer - Jordania 

Assist. Prof. Dr.  Dody Hartanto - Indonesia 

Assist. Prof. Dr. Ihwan Ghazali - Malaysia 

Assist. Prof. Dr.  Mehdi Meskini Heyladou – Iran 

Assist. Prof. Dr. Bazarhan İmangalieva - Kazakhstan 

Assist. Prof. Dr.  Keles Nurmaşulı Jaylıbay - Kazakhstan 

Assist. Prof. Dr.  Mamatkuli Juraev – Ozbekistan 

Assist. Prof. Dr. Kalemkas Kalibaeva – Kazakhstan 

Assist. Prof. Dr.  Bouaraour Kamel – Algeria 

Assist. Prof. Dr.  Alia R. Masalimova - Kazakhstan 

Assist. Prof. Dr. Amanbay Moldibaev - Kazakhstan 

Assist. Prof. Dr.  Ayslu B. Sarsekenova - Kazakhstan 

Assist. Prof. Dr.  Bhumika Sharma - India 

Assist. Prof. Dr.  Gulşat Şugaeva – Kazakhstan 

Assist. Prof. Dr.  K.A. Tleubergenova - Kazakhstan 



ICSAS ACADEMY 

Education - Publication - Conferences - Exhibitions  
 

Assist. Prof. Dr.  Cholpon Toktosunova – Kirgizia 

Assist. Prof. Dr.  Hoang Anh Tuan – Vietnam 

Assist. Prof. Dr. Songül Atak - Türkiye 

Assist. Prof. Dr.  Botagul Turgunbaeva - Kazakhstan 

Assist. Prof. Dr.  Dinarakhan Tursunalieva - Kirgizia 

Assist. Prof. Dr.  Yang Zitong – China 

Assist. Prof. Dr.  Gulmira Abndirasulova – Kazakhstan 

Assist. Prof. Dr. Imran Latif Saifi – South Africa 

Assist. Prof. Dr. Murat Genç – Turkiye 

Assist. Prof. Dr. Monisa Qadiri – India 

Assist. Prof. Dr. Vaiva Balciuniene – Lithuania 

Assist. Prof. Dr. Meltem Avan – Turkiye 

Assist. Prof. Dr. Abışov Elşad Şərəfxan oğlu - Azerbaijan 

Assist. Prof. Dr. Mahrukh Dovlatzade – Azerbaijan 

Assist. Prof. Dr. Naci Büyükkaracığan – Turkiye 

Assist. Prof.  Dr. Raihan Yusoph – Philippines 

Dr. Que-Nhu Duong - Vietnam 

Dr. Fatih İ. Kurşunmaden – Turkiye 

Dr. Mehmet Nuri Ödük – Turkiye 

Dr. Ayşe Baran - Turkiye 

Dr. Dadash  Mehravari – Iran 

Dr. Aynurə Əliyeva - Azerbaijan 

Dr. Sonali Malhotra – India 

Dr. Amaneh Manafidizaji - Iran 

 

 



ICSAS 2nd International Conference on Biology, Biochemistry and Molecular Biology 

September 19 - 21, 2025 

ISBN NR. : 978-625-5694-15-7 

 

i 
 

Contents 
BIBLIOMETRIC TRENDS IN AI-BASED FORENSIC DNA MIXTURE INTERPRETATION ................................... 1 

FROM FORENSIC GENETICS TO CLINICAL BIOMARKERS: ncSTR PROFILING IN BREAST CANCER ............ 20 

ORGAN-SPECİFİC DİSTRİBUTİON OF AMİNO ACİDS AND TRACE ELEMENTS İN VERBASCUM TUNA-

EKİMİİ: A PHYTOCHEMİCAL AND PHARMACOLOGİCAL PERSPECTİVE .................................................... 30 

DENİZEL PEPTİDLERİN YAPI TAYİNİ VE ARDIŞIK PEPTİD FRAGMANLARININ BETA GLUKOZİDAZ İNHİBİTÖR 

AKTİVİTELERİNİN ARAŞTIRILMASI........................................................................................................... 32 

THE STRUCTURAL ANALYSIS OF MARINE PEPTIDES AND INVESTIGATION OF THE BETA GLUCOSIDASE 

ACTIVITY OF THEIR SEQUENTIAL PEPTID FRAGMENTS .......................................................................... 46 

MARDİN İLİ TARIM ARAZİLERİNİN TRAFİK VE TARIMSAL FAALİYET KAYNAKLI KİRLİLİK DÜZEYİNİN TOPRAK 

ÖRNEKLERİYLE İNCELENMESİ ................................................................................................................. 62 

DURHAM CİHAZI KULLANILARAK GERÇEKLEŞEN AEROPALİNOLOJİK ÇALIŞMALARIN YER ALDIĞI TEZLER: 

2000-2025 LİTERATÜR TARAMASI .......................................................................................................... 64 

SESELİ RESİNOSUM’DA (APİACEAE) ERKEK GAMETOFİT GELİŞİMİ ......................................................... 65 

EVALUATION OF THE EXPRESSION LEVELS OF GENES ASSOCIATED WITH SALT STRESS IN COTTON ...... 66 

DEVELOPMENT OF TECHNOLOGY FOR OBTAINING DRUG NANOPARTICLES FROM MEDICINAL PLANTS 

USING GREEN SYNTHESIS METHOD ....................................................................................................... 68 

STUDYING THE INTERACTION OF GLYCYRRHIZIN AND P53 PROTEIN FAMILY USING MOLECULAR 

DOCKING ................................................................................................................................................ 69 

NUTRİGENOMİK PERSPEKTİFTEN OBEZİTENİN YÖNETİMİ: FONKSİYONEL BİLEŞİKLERLE GENETİK 

REGÜLASYON ......................................................................................................................................... 71 

ÇİNKO SÜLFAT NANOPARTİKÜLLERİNİN Staphylococcus aureus BİYOFİLMİ ÜZERİNE HÜCRE DIŞI 

POLİMERİK MADDE(EPS) YAPISI VE GEN EKSPRESYONU ÜZERİNE ETKİSİ ............................................... 85 

MONOAMİN OKSİDAZ A’NIN GENETİK MANİPÜLASYONU: NÖROTRANSMİTTER METABOLİZMASINDAN 

DAVRANIŞA ............................................................................................................................................ 96 

KÖPEKLERDE PARVOVİRÜS ENFEKSİYONLARININ GÜNCEL TEDAVİ YÖNTEMLERİ ................................... 97 

KEDİLERDE HERPES VİRÜS ENFEKSİYONLARININ OKSİDATİF STRES PARAMETRELERİ ÜZERİNE GÜNCEL 

ARAŞTIRMALARI ................................................................................................................................... 107 

CONTRIBUTION OF ARTVİN (TÜRKİYE) BROWN BEAR POPULATIONS TO THE MOLECULAR PHYLOGENY 

OF Ursus arctos .................................................................................................................................... 115 

SHILAJIT, SIÇANLARDA ANTİOKSİDAN VE SİRTUİN YOLLARI ARACILIĞIYLA 5-FLOROURASİL İLE OLUŞAN 

HEPATOTOKSİSİTEYİ AZALTIR ................................................................................................................ 116 

INVESTIGATION OF THE CAUSES OF EUCALYPTUS CAMALDULENSIS SEEDLINGS MORTALITY IN TARSUS 

FOREST NURSERY ................................................................................................................................. 118 

VIRTUAL BIOLOGY LABORATORY FOR ENHANCED STUDENT LEARNING .............................................. 135 

INTEGRATING ONLINE LABORATORIES INTO SECONDARY BIOLOGY EDUCATION IN KAZAKHSTAN ...... 136 

BIOLOGICALLY INSPIRED REACTIVE AGENT MODELING USING X-MACHINES....................................... 137 

CRYPTOGENIC FRESHWATER FISH BIODIVERSITY IN BANGLADESH ...................................................... 138 



ICSAS 2nd International Conference on Biology, Biochemistry and Molecular Biology 

September 19 - 21, 2025 

ISBN NR. : 978-625-5694-15-7 

 

ii 
 

UNIFIED MODELS IN GENOME REARRANGEMENT AND SORTING PRIMITIVES IN BIOINFORMATICS .. 139 

MOLECULAR IDENTIFICATION AND DIVERSITY ASSESSMENT OF AGRICULTURAL PESTS USING DNA 

BARCODING ......................................................................................................................................... 140 

ADVANCED MICROFLUIDIC TECHNIQUES FOR BIOMEDICAL AND BIOHEALTH APPLICATIONS ............. 141 

EVALUATING THE EFFECTIVENESS OF INTERPROFESSIONAL SIMULATION TRAINING ON COLLABORATIVE 

SKILLS AMONG HEALTHCARE UNDERGRADUATES ............................................................................... 142 

IMPACT OF INTEGRATED REHABILITATION STRATEGIES ON FUNCTIONAL RECOVERY AND FALL 

PREVENTION FOLLOWING HIP FRACTURE SURGERY IN CLINICAL PRACTICE ....................................... 143 

INVESTIGATION OF OCCUPATIONAL STRESS AND BURNOUT AMONG MEDICAL STAFF IN A NORTH 

AFRICAN UNIVERSITY HOSPITAL ........................................................................................................... 144 

THE IMPACT OF LOW-INTENSITY BALANCE EXERCISE ON MUSCLE STRENGTH, MOBILITY, AND WELL-

BEING IN OLDER ADULTS UNDERGOING HEMODIALYSIS ..................................................................... 145 

KNOWLEDGE, ATTITUDE AND PRACTICE OF EXPECTANT MOTHERS TOWARD MATERNAL HEALTH 

SERVICES AT GOVERNMENT HOSPITALS IN ADEN CITY ........................................................................ 146 

CHALLENGES AND ENABLERS IN ACCESSING CHILDHOOD IMMUNIZATION SERVICES AMONG 

UNREGISTERED MIGRANT FAMILIES IN EASTERN INDONESIA: A QUALITATIVE STUDY ........................ 147 

INTERDISCIPLINARY COLLABORATION IN PALLIATIVE CARE SYSTEMS ACROSS URBAN AND RURAL AREAS

 ............................................................................................................................................................. 148 

EVALUATING THE PHYSIOLOGICAL AND PSYCHOLOGICAL STRESSORS AND COPING MECHANISMS IN 

HEMODIALYSIS PATIENTS ..................................................................................................................... 149 

REGULATION OF EPIGENETIC MODIFICATIONS IN METABOLIC SYNDROME AND DIABETES: 

MECHANISTIC INSIGHTS AND THERAPEUTIC POTENTIAL ..................................................................... 150 

ADVANCES IN ENZYME KINETICS AND ALLOSTERIC REGULATION FOR DRUG DEVELOPMENT IN 

INFECTIOUS DISEASES .......................................................................................................................... 151 

MOLECULAR MECHANISMS OF PROTEIN AGGREGATION AND ITS ROLE IN NEURODEGENERATIVE 

DISORDERS ........................................................................................................................................... 152 

INTERACTION OF NON-CODING RNAS IN GENE EXPRESSION REGULATION AND CANCER BIOLOGY ... 153 

STRUCTURAL BIOLOGY OF MEMBRANE TRANSPORTERS: IMPLICATIONS FOR DRUG RESISTANCE IN 

BACTERIA ............................................................................................................................................. 154 

METABOLOMIC PROFILING AND BIOMARKERS DISCOVERY IN CARDIOVASCULAR DISEASES USING MASS 

SPECTROMETRY ................................................................................................................................... 155 

CRISPR-CAS9 APPLICATIONS IN GENOME EDITING: CURRENT CHALLENGES AND FUTURE DIRECTIONS 

IN THERAPEUTICS ................................................................................................................................ 156 

ROLE OF MITOCHONDRIAL DYSFUNCTION IN AGING AND AGE-RELATED DISEASES: A MOLECULAR 

BIOLOGY PERSPECTIVE ......................................................................................................................... 157 

DIFFERENTIATION OF GENE EXPRESSION PROFILES IN LIVER AND KIDNEY TISSUES OF PIGS............... 158 

DECISION TREES FOR PREDICTING RISK OF MORTALITY USING ROUTINELY COLLECTED DATA ............ 159 

SELENIUM LEVELS IN AGRICULTURAL SOILS AND CROPS OF THE BALKAN REGION ............................. 160 



ICSAS 2nd International Conference on Biology, Biochemistry and Molecular Biology 

September 19 - 21, 2025 

ISBN NR. : 978-625-5694-15-7 

 

iii 
 

MODELING THE COMPLEX INTERACTIONS BETWEEN miRNA DYSREGULATION AND BREAST CANCER 

PROGRESSION ...................................................................................................................................... 161 

MODELING THE COMPLEX RELATIONSHIP BETWEEN miRNA DYSREGULATION AND BREAST CANCER 

PROGRESSION ...................................................................................................................................... 162 

PRELIMINARY ANALYSIS OF REAL-TIME HAND MOVEMENT RECOGNITION FOR UPPER-LIMB 

PROSTHETICS BASED ON ELECTROMYOGRAPHIC SIGNALS .................................................................. 163 

ADVANCED SIMULATION PLATFORM FOR MEDICAL IMAGE FUSION AND LEARNING .......................... 164 

MICROFLUIDIC SYSTEMS FOR ADVANCED BIOMEDICAL ENGINEERING APPLICATIONS ....................... 165 

 



ICSAS 2nd International Conference on Biology, Biochemistry and Molecular Biology 

September 19 - 21, 2025 

ISBN NR. : 978-625-5694-15-7 

 

1 
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Abstract 

This study aims to systematically analyze the scientific literature on artificial intelligence (AI)-

based forensic DNA mixture interpretation using bibliometric methods. A total of 193 academic 

publications indexed in the Web of Science database between 1991 and 2025 were examined. 

The analysis covered publication trends, author and institutional collaborations, country-based 

research networks, keyword clusters, and citation linkages. The findings revealed a marked 

increase in publication output after 2015, peaking in 2022. Co-authorship and co-citation 

analyses indicated that the field is shaped around core research groups primarily based in the 

United States, New Zealand, Australia, and Europe. Keyword mapping demonstrated that the 

literature converges on three major axes: (i) statistical and theoretical modeling (likelihood 

ratio, Bayesian inference), (ii) software development and validation processes (STRmix™, 

EuroForMix, TrueAllele), and (iii) applications and legal dimensions (evidence admissibility, 

inter-laboratory comparisons). Furthermore, the integration of next-generation sequencing 

(NGS) and microhaplotype technologies has emerged as a prominent theme for future research 

directions. In conclusion, AI-assisted probabilistic genotyping systems are playing an 

increasingly critical role in forensic DNA mixture analysis. However, parameter uncertainties, 

transparency, and the necessity of compliance with international standards remain key priorities 

on the research agenda. 

Keywords: Artificial intelligence, forensic DNA, mixture samples, probabilistic genotyping, 

likelihood ratio, bibliometric analysis 

1. Introduction 

Forensic DNA analysis holds a central position within forensic sciences as it enables the 

identification of individuals’ biological identity and provides scientifically grounded evidence 

to judicial proceedings (Bukyya et al., 2021). Contributing directly to the functioning of the 

criminal justice system, this method plays a crucial role not only in determining the 

responsibility of individuals linked to criminal acts but also in exonerating those wrongfully 
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accused, thereby reinforcing the reliability of the judicial system (Laporte, 2018). Moreover, in 

cases of mass disasters and missing persons, the comparison of genetic findings with reference 

samples allows for the identification of remains, thereby supporting the delivery of justice at 

both individual and societal levels (Kumar, 2022). Within this context, DNA analysis 

technology, pioneered by Jeffreys and colleagues, has progressively become an indispensable 

tool for biological identification in various legal contexts, including criminal investigations, 

paternity testing, and immigration cases (Butler, 2015). Today, the analysis of high-quality 

samples under controlled laboratory conditions enables the generation of reliable genetic 

profiles, which, when compared with material collected from crime scenes, substantially reduce 

uncertainties in identity determination (Alketbi, 2024; Arjamand et al., 2024). 

In forensic genetic applications, biological samples collected from the field often contain 

limited amounts of DNA, include material originating from multiple individuals, and may be 

subject to molecular degradation, all of which render the analytical process technically 

challenging (Bieber et al., 2016). The most prominent example of this complexity is mixture 

samples, in which genetic material from different contributors is intermingled in varying 

proportions. Such samples, frequently encountered in biological traces collected from crime 

scenes, represent some of the most difficult data types to resolve in forensic DNA analysis and 

pose significant methodological challenges during interpretation (Tao et al., 2018). Within the 

forensic sciences literature, these complex samples are widely reported in contexts such as 

sexual assault cases and mass disaster scenarios. The presence of multiple material types, the 

difficulty in determining the exact number of contributors, and the variability in each 

component’s proportion within the sample render the analysis substantially more complex 

compared to single-source samples (Butler et al., 2024; Costa et al., 2025; Tao et al., 

2018).Particularly in cases where biological traces from both the victim and the suspect are 

present within the same sample, a critical interpretative process is required for investigative 

purposes (Butler et al., 2024). In such scenarios, technical issues such as low-template DNA, 

allele drop-out, allele drop-in, and stutter artifacts further complicate interpretation, exposing 

the limitations of conventional approaches in both analytical and statistical evaluation processes 

(Bieber et al., 2016; Butler et al., 2024). This necessitates not only more advanced and highly 

sensitive analytical protocols but also the refinement of interpretative algorithms. Consequently, 

forensic genetic experts are increasingly required to rely on statistical modeling and 

probabilistic frameworks in their decision-making processes. 

The reliable interpretation of complex DNA mixtures has therefore mandated the development 

of software-based probabilistic modeling systems that go beyond traditional methodologies. In 

this regard, the use of software for the evaluation of DNA profile data has been systematically 

adopted in forensic biology since the late 1990s, with subsequent applications being classified 

under the heading of “probabilistic genotyping” (PG) systems (Gill et al., 2021). PG systems 

analyze DNA profile data within a probabilistic framework and employ likelihood ratio (LR) 

calculations to express the weight of the evidence. The LR represents the relative probability of 

the observed DNA profile under two competing propositions and is defined as the ratio of the 

weighted sums of genotype sets. Within this conceptual framework, PG systems have become 

indispensable tools in contemporary forensic genetics, particularly for the interpretation of 
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complex DNA mixtures. Widely used software such as STRmix™, EuroForMix, and 

DNAStatistX enable the evaluation of genetic data through algorithms grounded in distinct 

statistical foundations (Buckleton et al., 2024). The statistical differences among these software 

packages were comprehensively discussed in the review by Gill and colleagues (2021), which 

highlighted that STRmix™ adopts a Bayesian approach, whereas EuroForMix and 

DNAStatistX rely on a maximum likelihood estimation (MLE)-based γ (gamma) model (Gill 

et al., 2021). 

Although these systems are widely employed in forensic genetic analysis, the definition and 

implementation of model parameters (such as mixture proportions, allele peak height variances, 

and drop-in/drop-out probabilities) differ across software platforms, potentially leading to 

substantial discrepancies in LR values. This issue was examined in detail by Buckleton and 

colleagues (2024), who compared LR outputs between EuroForMix and STRmix™. Their study 

demonstrated that these deviations primarily stem from differences in how MLE-based 

parameter estimates are applied under competing hypotheses (Buckleton et al., 2024). These 

findings highlight the need to carefully evaluate not only the algorithmic structures but also the 

parameter definitions and statistical assumptions when conducting comparative analyses of 

probabilistic genotyping systems. 

In this context, AI and machine learning (ML) techniques have been increasingly integrated 

into forensic DNA analysis technologies, aiming to overcome the parametric limitations of 

conventional PG systems and reduce uncertainties in interpretation processes (Sessa et al., 

2024). Deep learning models offer innovative solutions for tasks such as automated allele 

calling and distinguishing artifacts like stutter and drop-out, while explainable AI approaches 

address the demand for transparency in the context of forensic validity and courtroom 

admissibility (de Wit et al., 2025). These advancements not only enhance technical accuracy 

but also introduce new possibilities for interpretation. However, this transformation also raises 

structural and methodological debates. Central to these discussions is the high-resolution 

analytical capacity that AI-based approaches bring to the evaluation of complex mixtures. 

Although the growing number of applied studies in recent years has demonstrated the potential 

of AI-assisted systems, critical research gaps remain. These include the comparative assessment 

of software, elucidation of the sources of parameter discrepancies, standardization of validation 

protocols, and clarification of legal and ethical frameworks. 

The aim of this study is to systematically examine the use of AI and probabilistic genotyping 

systems in forensic DNA mixture interpretation through bibliometric methods, thereby mapping 

changes in publication output, identifying leading authors and institutions, exploring 

international collaboration networks, delineating key conceptual clusters, and highlighting 

future research gaps. In doing so, the study seeks to provide a comprehensive analysis of both 

the technical and applied dimensions, offering an integrated perspective on the scientific 

trajectory of the field and its potential research directions. 

2. Materials and Methods 
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In this study, a bibliometric analysis method was employed to reveal the scientific production 

trends related to AI-based forensic DNA mixture interpretation. Bibliometrics is a methodology 

that enables the systematic identification of the developmental trajectory of the literature, areas 

of influence, collaboration networks, and research gaps through the quantitative examination of 

scientific publications (Aria & Cuccurullo, 2017). Since the present study relied solely on 

publication data for mapping and did not involve research with human or animal subjects, no 

ethical approval was required. 

 

 

2.1. Data Sources and Search Strategy 

The data used in this study were retrieved from the Web of Science Core Collection (WoS) 

database in September 2025. The search strategy was structured to comprehensively capture 

the scope of the topic. The primary keyword combination employed was as follows: 

TS=("DNA mixture*" OR "forensic mixture interpretation" OR "mixed DNA sample*") AND 

TS=("probabilistic genotyping" OR "artificial intelligence" OR "machine learning" OR "deep 

learning") 

The scope of the study was limited to articles, conference papers, and review publications 

published between 1991 and 2025, yielding a total of 193 records. This time frame represents 

the period during which the transition from the initial applications of probabilistic genotyping 

software (e.g., STRmix™, EuroForMix) to AI-based algorithms can be observed (Buckleton et 

al., 2024; Gill et al., 2021). 

2.2. Data Processing and Analytical Tools 

The retrieved data were exported in a “tab-limited” format and subsequently analyzed using 

VOSviewer (v.1.6.20) and Bibliometrix (R package). Through these tools, various dimensions 

of the literature were visualized and systematically assessed, including annual publication 

trends, the most productive authors, institutions, and countries, keyword co-occurrence 

networks, international collaboration networks, and the most frequently cited publications. 

3. Results 

3.1 Distribution of Publications by Year 

An examination of the 193 publications identified through the bibliometric search reveals that 

the literature on AI-based forensic DNA mixture interpretation first emerged in the early 1990s 

(initial record: 1991) but gained significant momentum only after 2010. A particularly notable 

increase in publication output was observed from 2018 onwards (Figure 1). During the 1991–

2010 period, the annual number of publications remained very low (1–5 per year), representing 

a preparatory phase in which probabilistic genotyping approaches and the earliest software 

applications (e.g., early STR modeling) were being developed. Between 2011 and 2017, a 

gradual rise in publication output was observed, with a minor peak in 2015 (10 publications), 
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corresponding to the growing visibility of methodological frameworks underpinning software 

such as STRmix™ and EuroForMix in the international literature. The period from 2018 to 

2021 marks a distinct phase of acceleration, with 20 publications recorded in 2019 and 23 in 

2021, reflecting the integration of PG systems into routine laboratory practice. Although a 

relative decline was noted in 2020, likely attributable to the pandemic, the overall production 

trend continued to rise. The year 2022 stands out as the peak, with 30 publications, 

corresponding to the increased adoption of AI-based algorithms (e.g., deep learning, variational 

inference) in DNA mixture interpretation. While a slight decrease was recorded between 2023 

and 2025, the sustained annual output of 11–17 publications indicates that the field remains an 

active area of research. The decline observed in 2025 is most likely due to incomplete database 

updates and the fact that the publication cycle for the year had not yet closed. 

 

Figure 1. Annual Distribution of Publications 

The publication trends observed in Figure 1 clearly demonstrate that technological evolution 

has been directly reflected in scientific output. The transition from probabilistic genotyping 

systems (e.g., STRmix™, EuroForMix, TrueAllele) to AI-assisted methodologies (e.g., 

artificial neural networks, variational inference, explainable AI approaches) closely parallels 

the sharp increases in publication numbers within the literature. The production peak observed 

in 2022 highlights the growing global academic interest driven by methodological innovations 

and indicates that the field has secured a central position within the contemporary research 

agenda. 

3.2. Co-authorship of Authors Analysis 

To examine collaboration patterns among researchers, a network map was constructed under 

the criteria of at least one publication and one citation (Figure 2). The analysis revealed that the 

cluster represented by Michael D. Coble and his collaborators (John M. Butler, Bruce Budowle, 

Frederick Bieber) stands out for their foundational contributions to forensic DNA profiling, 

STR validation, and early studies on mixture interpretation. Another cluster, composed of John 

Buckleton, James Curran, Tim Kalafut, Safia Boodoosingh, and Todd Billie, is primarily 

focused on STRmix™ software and statistical modeling approaches. The group including Jo-

Anne Bright, Hannah Kelly, and Maarten Kruijver, based in New Zealand and Australia, has 
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made significant contributions to the development of PG software. Meanwhile, the cluster 

represented by Duncan Taylor, Denise Ward, Lianne Henry, and Damien Abarno is 

characterized by its focus on Australia-based laboratory applications, validation studies, and 

PG software evaluations. When cross-cluster connections are examined, the Buckleton–Bright–

Kelly axis emerges as a central hub, interacting intensively with both the red and green clusters. 

This highlights the role of Buckleton and colleagues as “bridge authors” in the methodological 

advancement of the field. Overall, the network structure indicates strong collaborative ties 

between U.S.-based researchers (Coble, Butler, Budowle) and Australia–New Zealand-based 

researchers (Buckleton, Bright, Taylor). This pattern underscores the fact that software 

development and methodology validation processes have been advanced within a framework 

of international scientific collaboration. 

 

 

Figure 2. Co-authorship Network of Authors 

The co-authorship network depicted in Figure 2 illustrates that the field of AI- and probabilistic 

genotyping-based DNA mixture interpretation is organized around a few core research groups. 

The U.S.-based cluster (Coble, Butler, Budowle) has been leading in establishing 

methodological foundations and defining standards. The New Zealand–Australia-based group 

(Buckleton, Bright, Taylor) focuses primarily on the development of STRmix™ software, 

statistical modeling, and validation processes. Bridging authors such as Kelly, Kruijver, and 

Curran facilitate knowledge transfer between clusters, contributing to the integrated structure 

of the network. This configuration indicates a highly collaborative field that is guided by several 

global hubs. 

3.3. Citation of Authors 
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To examine citation relationships among authors, a network map was generated using the 

criterion of at least one publication and one citation (Figure 3). Among the 135 authors included, 

the Bright–Taylor–Kruijver axis represents the core group that has received the highest number 

of citations in recent years and has shaped contemporary scientific discourse. The Buckleton–

Barash axis, which made substantial early methodological contributions, has become secondary 

in the evolutionary structure of the network, now primarily connected to newer studies led by 

Bright and Taylor. Contributions from Europe-based researchers (Benschop, Prieto) highlight 

the field’s global interaction capacity and regional diversity. Overall, the post-2016 period is 

characterized by the citation dominance of New Zealand–Australia-based researchers, 

reflecting the strong methodological impact of STRmix™ and probabilistic genotyping systems 

in the international literature and their influential role in guiding the direction of the field. 

 

Figure 3. Citation Network of Authors 

3.4. Citation of Countries Analysis 

The analysis of citations by country, conducted using the criterion of at least one publication 

and one citation, reveals that among the 18 countries represented, the United States, New 

Zealand, and Australia serve as central hubs with the most extensive connections, occupying 

the core of the network. These countries play a decisive role in shaping the literature through 

their contributions to both software development (e.g., STRmix™, TrueAllele) and validation 

and application studies. Germany, Switzerland, and the Netherlands constitute a strong 

European core group, characterized by dense collaborative ties. The People’s Republic of China 

has emerged prominently, particularly after 2021, contributing an increasing number of 

publications and citations, as visually highlighted in the yellow-toned clusters. Countries such 

as Japan, the United Arab Emirates, Finland, Ireland, and Canada, although producing fewer 

publications, provide strategically significant contributions. Within Europe, strong 

collaboration patterns are observed among Italy, Norway, the Netherlands, Denmark, and 

Switzerland, with most of these collaborations facilitated through European consortia. Overall, 
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the trend indicates that while the U.S.–Australia–New Zealand axis was dominant in 2019–

2020, European countries and China have become increasingly visible in the literature post-

2021. 

 

Figure 4. Citation Network of Countries 

This network map illustrates that the field of AI- and probabilistic genotyping-based forensic 

DNA mixture interpretation has developed through globally collaborative processes. The 

United States–Australia–New Zealand triad occupies a central position in methodological 

innovations and software development. European countries contribute primarily in validation, 

standardization, and legal aspects. China has emerged as a rising actor in the field, reflecting its 

increasing contributions in recent years. Overall, this collaboration map highlights both the 

geographic distribution of scientific influence and the field’s multi-centric structure. 

3.5. Citation of Organizations Analysis 

Scientific interactions among organizations were analyzed based on the criterion of at least one 

publication and one citation (Figure 5). The analysis, which included 69 institutions, identified 

leading organizations in terms of methodological innovations, software development, and 

validation studies. In this context, the University of Auckland (New Zealand), under the 

leadership of John Buckleton, Jo-Anne Bright, and their team, has become a global reference 

point in probabilistic genotyping-based interpretation with the development of STRmix™ 

software. The University of North Texas (USA), led by Michael D. Coble, provided significant 

methodological contributions, particularly during the 2016–2018 period, and occupies a central 

position in the network. The University of Oslo (Norway) has made important contributions to 

the validation of European probabilistic genotyping software and the enhancement of 

methodological diversity. The Netherlands Forensic Institute (NFI) has become a central node 
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in the network post-2020, through European-based validation studies and STR applications. 

The University of Roma Tre (Italy) stands out for its work on the legal dimensions and 

methodological diversity of forensic DNA interpretation. The National Center for Forensic 

Science (USA) emerges as a key node due to its international collaborations focused on 

validation and training. 

 

Figure 5. Citation Network of Organizations 

In summary, a few key institutions are central to AI- and probabilistic genotyping-based DNA 

mixture interpretation. The University of Auckland (New Zealand) and the University of North 

Texas (USA) occupy leading positions in software development and statistical modeling. The 

University of Oslo (Norway) and the Netherlands Forensic Institute (NFI, Netherlands) guide 

European validation protocols, standardization efforts, and methodological discussions. 

Smaller U.S.-based universities, such as Boise State University and San Jose State University, 

provide supportive contributions to the development of the field. Overall, the institutional 

leadership in forensic DNA mixture interpretation is concentrated around hubs in New Zealand, 

the USA, Norway, the Netherlands, and Italy, with international collaborations largely 

channeled through these centers, giving the field a multi-centric and coordinated structure. 

3.6. Co-occurrence of All Keywords Analysis 

The prominent keywords in publications on AI-assisted DNA profiling of mixture samples were 

analyzed (Figure 6). In this bibliometric network, the term probabilistic genotyping occupies 

the largest node, indicating its centrality in the field and its connection to related subthemes. 

The red cluster, including terms such as “drop-in, validation, admissibility of evidence, 

population stratification, and high order mixtures”, emphasizes methodological reliability, 

courtroom acceptance, and complex mixture analysis. The green cluster, featuring “likelihood 

ratio, DNA mixture, inter-laboratory comparison, massively parallel sequencing, and 

EuroForMix”, reflects statistical modeling approaches, inter-laboratory comparison studies, 
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and the integration of NGS technologies. The blue cluster, with “STRmix, forensic DNA 

interpretation, continuous DNA interpretation, and mixture deconvolution”, encompasses 

software-based probabilistic genotyping applications and algorithmic analysis processes. The 

yellow cluster, including “criminal casework, CPI, and allele drop-out”, highlights practical 

applications, forensic case analyses, and challenges associated with low-template DNA 

samples. The green sub-cluster, represented by “microhaplotypes and complex DNA mixtures”, 

emphasizes the potential of next-generation genetic markers and microhaplotypes in analyzing 

complex mixtures. The purple cluster, containing “Bayesian inference, continuous models, and 

forensic decision making”, focuses on theoretical modeling approaches and decision-making 

mechanisms. Overall, the literature reveals two main axes: the first is a methodological and 

statistical axis defined by concepts such as PG, LR, and Bayesian models; the second revolves 

around tools such as STRmix, EuroForMix, and NGS, emphasizing inter-laboratory 

comparisons, courtroom admissibility, and application-driven validation processes. This dual-

axis structure comprehensively reflects both the theoretical foundations and practical 

applications of forensic DNA mixture interpretation. 

 

Figure 6. Co-occurrence Network of Most Frequently Used Keywords 

This visualization illustrates that AI and PG based DNA mixture interpretation constitutes a 

multidimensional research field. In this context, PG, as a central concept, is directly linked to 

both statistical modeling approaches (e.g., likelihood ratios, Bayesian inference) and 

application-oriented components (e.g., STRmix, casework). Next-generation technologies, 

including NGS and microhaplotypes, hold the potential to enhance resolution in DNA mixture 

analysis, indicating future methodological directions in the field. Meanwhile, legal concepts 

such as admissibility and validation provide a critical framework for integrating technological 
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innovations into judicial systems. Overall, the literature can be seen to rest on three pillars: 

statistical/theoretical models, software and algorithmic solutions, and practical application with 

legal validity. 

 

3.7. Bibliographic Coupling of Documents Analysis 

Bibliographic coupling among publications was conducted based on documents with at least 

one citation, and the resulting network analysis of 43 interconnected publications (Figure 7) 

revealed the methodological and application-oriented development dynamics in the field. Dror 

(2011), Coble (2019), and Haned (2015) emerged as highly connected nodes; Dror’s work is 

foundational regarding cognitive biases and decision-making processes (Dror & Hampikian, 
2011), while Coble and Haned’s studies represent key methodological cornerstones in PG 

approaches (Coble & Bright, 2019; Haned et al., 2015). In the subsequent period, Manabe 

(2017) and Swaminathan (2018) established strong connections, contributing significantly to 

the development of the algorithmic foundations of PG software (Manabe et al., 2017; 

Swaminathan et al., 2018).  

Examining the literature clusters, the red cluster includes Asia-based researchers such as Bai 

(2022), Manabe (2022), Ling (2024), and Slooten (2022), who introduced innovative 

applications in PG algorithms (Bai et al., 2022; Ling et al., 2024; Manabe et al., 2022; Slooten, 

2022). The green cluster, featuring Hampikian (2019), Green (2021), and Wang (2024), focuses 

on genetic marker diversity and case-based analyses (Green et al., 2021; Hampikian, 2019; 

Wang et al., 2024). The blue cluster, composed of Coble (2019), Susik (2022), Adamowicz 

(2022), and Boodoosingh (2024), represents methodological advancements and statistical 

modeling approaches (Adamowicz et al., 2022; Boodoosingh et al., 2024; Coble & Bright, 
2019; Susik et al., 2022). The purple cluster highlights Huffman’s highly productive 

contributions to next-generation PG applications (Huffman et al., 2022; Huffman & 
Ballantyne, 2023), while the yellow cluster encompasses New Zealand–Australia–based 

collaborations, including Bright (2019), Kelly (2020), and Haddrill (2021), particularly related 

to STRmix studies (Bright et al., 2019; Haddrill, 2021; Kelly et al., 2020).  

In terms of temporal trends, publications such as Dror (2011) and Manabe (2017) laid the 

methodological foundations during 2011–2017 (Dror & Hampikian, 2011; Manabe et al., 
2017). Between 2018–2021, researchers including Swaminathan (2018), Bright (2019), and 

Haddrill (2021) became prominent in application and algorithm development (Bright et al., 

2019; Haddrill, 2021; Swaminathan et al., 2018). After 2022, contributions from Bai (2022), 

Slooten (2022), Huffman (2022–2023), and Ling (2024) have represented emerging directions 

and novel research trajectories within the field (Bai et al., 2022; Huffman et al., 2022; 
Huffman & Ballantyne, 2023; Ling et al., 2024; Slooten, 2022). 
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Figure 7. Bibliographic Coupling of Authors 

This network map illustrates that the literature on AI and PG based DNA mixture interpretation 

initially relied on a few foundational reference works but has notably expanded in recent years, 

particularly with contributions from Asia- and Europe-based researchers. Dror (2011) marked 

a pivotal point in shaping methodological approaches by emphasizing the influence of cognitive 

biases on decision-making processes within forensic science (Dror & Hampikian, 2011). Coble 

(2019) and Haned (2015) have emerged as key references in the development of the statistical 

underpinnings of PG systems (Coble & Bright, 2019; Haned et al., 2015). More recent 

contributors, such as Huffman (2022–2023) and Ling (2024), have gained prominence through 

high levels of productivity and citation connectivity, reflecting their influence on the current 

development of the field  (Huffman et al., 2022; Huffman & Ballantyne, 2023; Ling et al., 
2024). Overall, the bibliographic coupling network demonstrates that the field, which began 

with the establishment of methodological foundations in the 2010s, evolved after 2020 through 

software development, algorithmic innovations, and application-driven expansion. 

3.8. Co-citation of Co-authors Analysis 

The co-citation analysis examined authors who were cited multiple times within the same 

publication. Using a threshold of at least three co-citations, the resulting network of 115 authors 

revealed interaction patterns within the literature (Figure 8). Jo-Anne Bright (JA Bright) and 

Duncan Taylor (D Taylor) occupy central positions in the network, emerging as the most 

frequently co-cited authors, which highlights their pivotal role in the literature, particularly 

regarding the development and validation of STRmix™. Michael Coble (MD Coble), Øyvind 

Bleka (O Bleka), Corina Benschop (CCG Benschop), and Maarten Kruijver (M Kruijver) are 

prominent in Europe-centered statistical modeling and PG research. Mark Perlin (MW Perlin), 

as the developer of the TrueAllele system, forms a strong and relatively independent node in 
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the network. Cluster analysis also reflects thematic and geographic distinctions in the literature. 

The green cluster consists of New Zealand–Australia-based researchers, including Bright, 

Taylor, Curran, and Haned, representing the core STRmix™ and PG software development 

team. The red cluster, including Coble, Kruijver, Green, Cowell, and Benschop, reflects Europe-

based methodological research and validation studies. The blue cluster, featuring Bleka, Kelly, 

Steele, and Torres, focuses on statistical model development and software applications. The 

purple cluster centers on Perlin and associates, representing TrueAllele and US-based 

contributions. The yellow cluster, including Garrett, Morrison, and Thompson, emphasizes 

legal, decision science, and statistical methodology studies. The dense connections observed 

between the Bright–Taylor cluster and the Coble–Kruijver cluster reflect collaboration and 

knowledge flow between New Zealand–Australia–based groups and Europe-based research 

teams. In contrast, the relatively isolated position of Perlin’s node indicates that the TrueAllele 

system represents an independent, US-centered line of research. 

 

Figure 8. Co-citation Links Among Authors 

The co-citation analysis presented in Figure 8 reveals that the field is structured around three 

primary axes. The New Zealand–Australia axis, represented by researchers such as Bright, 

Taylor, Curran, and Haned, embodies STRmix™ software development and statistical 

modeling efforts. The European axis, with contributors including Coble, Kruijver, Green, and 

Cowell, focuses on probabilistic model diversity, validation protocols, and inter-laboratory 

comparative analyses. The US axis, led by Mark Perlin, is characterized by the TrueAllele 

system and independent applications. This configuration highlights that AI and probabilistic 

genotyping-based DNA mixture interpretation constitutes a globally guided, interdisciplinary 

field, coordinated across multiple centers yet unified by common methodological foundations. 
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4. Discussion 

This study presents findings based on a bibliometric analysis of the literature on AI assisted 

forensic DNA mixture interpretation. The rapid increase in publication numbers, the 

pronounced centralization within author, institution, and country networks, the thematic 

clustering revealed through keyword co-occurrence, and the structural groupings emerging 

from co-citation and bibliographic coupling analyses collectively reflect the developmental 

dynamics of the field. One quantitative indicator of this progression, the “Annual Distribution 

of Publications” graph (Figure 1), demonstrates a marked acceleration in the literature from 

2010 onward, with publication output peaking notably in 2022. This increase can be attributed 

to the broader adoption of PG software (e.g., STRmix™, EuroForMix) in forensic laboratories 

and the accelerated integration of AI/ML techniques with these systems. This trend is similarly 

corroborated by the study of Gill, Benschop, and colleagues (2021), which provides a 

comprehensive overview of the historical development of EuroForMix, DNAStatistX, and 

STRmix™ systems, alongside the increasing volume of research conducted using these 

platforms (Gill et al., 2021). 

The co-authorship and author citation analyses clearly position researchers such as Bright, 

Taylor, Coble, Buckleton, Bleka, and Benschop as “core actors” in both the methodological and 

applied dimensions of the field. These findings indicate that the literature is organized around 

specific central institutions, with research output largely shaped by these hubs. For instance, the 

study Internal Validation of STRmix™ – A Multi-Laboratory Validation evaluates the reliability 

of the STRmix™ software using data from 31 different laboratories, providing a concrete 

example of inter-institutional standardization efforts (Bright et al., 2018). Additionally, studies 

such as Developmental Validation of STRmix™ NGS focus on integrating new technologies 

with existing systems, offering significant methodological contributions, particularly in 

assessing the performance of STRmix™ across different data types (Cheng et al., 2023). 

Keyword analysis revealed that terms such as “probabilistic genotyping,” “likelihood ratio,” 

“drop-in/drop-out,” “validation,” “STRmix,” “EuroForMix,” “continuous DNA interpretation,” 

and “massively parallel sequencing (MPS)” are among the most frequently used concepts. This 

finding suggests that the literature on forensic DNA mixture interpretation has evolved around 

three main axes: 

(i) In the methodological/statistical modeling axis, approaches aimed at characterizing 

uncertainties—such as LR, Bayesian models, and the number of contributors—

have emerged as central methods. 

(ii) Within the software applications and validation axis, frequent research topics 

include the development of probabilistic genotyping software such as STRmix™ 

and EuroForMix, inter-laboratory comparisons, adaptation to NGS/MPS data 

types, and the management of artifacts such as drop-out and stutter. 

(iii) In the legal/forensic application dimension, ethical and procedural 

considerations—including the admissibility of evidence in court, evidential 

strength, accessibility, transparency, and decision-making processes—are 

increasingly emphasized. 
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These categories are further reflected in bibliographic coupling and co-citation analyses, where 

the clustering of publications and authors aligns closely with these three axes. 

As clearly demonstrated in the visualizations, the differences between STRmix™, EuroForMix, 

and other probabilistic genotyping systems are not limited to algorithmic structures; they also 

stem from parameter selections such as the number of contributors, drop-in/drop-out rates, 

stutter modeling, and allele height variance. The study A Diagnosis of the Primary Difference 

Between EuroForMix and STRmix, conducted by Buckleton, Curran, Susik, Cheng, Taylor, 

Bright, and colleagues, provides a detailed examination of how these parameter differences 

influence LR outputs and, consequently, decision-making power (Buckleton et al., 2024). 

Additionally, the study Validation of Probabilistic Genotyping Software for Single Cell STR 

Analysis evaluates the sensitivity and accuracy of probabilistic genotyping software when 

analyzing samples with low DNA quantities or limited cell numbers. In such cases, the 

occurrence of artifacts such as drop-in and drop-out is increased, making the impact of these 

parameters on software performance more pronounced (Huffman & Ballantyne, 2023). The 

study assessed the validity of STRmix™ and EuroForMix for interpreting single-cell or low-

cell-count STR profiles, demonstrating the analytical capacity these systems provide for low-

template DNA analysis. 

Country and institution level analyses indicate that the United States, Australia, and New 

Zealand play pivotal roles in forensic DNA interpretation, particularly in the development of 

licensed software, validation processes, and practical applications. European countries, 

including Germany, the Netherlands, Norway, and Switzerland, contribute significantly to 

methodological innovations and the establishment of forensic standards. This underscores the 

necessity of testing PG software across genetically diverse populations (e.g., allele frequency 

distributions) and laboratory protocols to ensure their global validity, as variables such as allele 

frequencies and population structure can directly influence the sensitivity of LR and other 

statistical outputs. 

Visualizations and literature reviews reveal that certain limitations of PG software for forensic 

DNA mixture interpretation remain pronounced. Although recent studies have increasingly 

addressed low-template DNA samples and highly complex, multi-contributor mixtures, the 

numerical representation of such cases in the literature remains limited. These scenarios are 

critical for evaluating software performance under boundary conditions. Observed uncertainties 

in parameter selection are thought to stem from a lack of standardization in model components, 

including the predetermined number of contributors, drop-in/drop-out rates, and allele height 

variance. In alignment with principles of transparency and explainability, information regarding 

the internal model structures and algorithmic decision-making mechanisms of AI-based PG 

software must be accepted and understood within forensic systems. However, the literature in 

this area is still relatively recent and limited, and methodological clarity regarding algorithm 

interpretability remains largely insufficient. A similar limitation exists regarding data diversity: 

most validation studies using allele frequencies from different populations, laboratory 

protocols, and STR kit brands are concentrated within the same centers and follow similar 
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procedures, thereby restricting methodological diversity and limiting the global generalizability 

of findings. 

When findings derived from visual analyses are considered alongside those supported by the 

literature, it is evident that PG software for forensic DNA mixture interpretation has undergone 

a marked maturation process over the past five to seven years, both theoretically and in terms 

of practical application. During this period, particular attention has been given to software 

validation, management of parameter uncertainties, and admissibility in court. Nevertheless, 

despite these advances, methodological gaps persist in areas such as the influence of 

subjectivity in parameter selection, the limited representation of low-template and complex 

mixture samples, and the insufficient consideration of population- and country-specific 

differences. To address these gaps in the future, the creation of large-scale datasets supported 

by field-derived data, comparative analyses across different PG software platforms, the 

development of open-source modeling approaches, and the transparent articulation of 

algorithmic decision-making within explainable AI frameworks are recommended. Such efforts 

are expected to substantially enhance both the scientific validity of the field and the reliability 

of its forensic applications. 

5. Conclusions and Recommendations  

This bibliometric analysis demonstrates that the field of AI driven forensic DNA mixture 

interpretation has undergone substantial evolution over the past three decades, with a 

particularly pronounced growth trajectory since 2015. The increase in publication output 

indicates that the field has progressed beyond a purely methodological research topic, becoming 

increasingly integrated into routine forensic practice. Notably, 2022 marks a pivotal point in the 

literature, reflecting the integration of advanced algorithms such as deep learning, variational 

inference, and explainable AI (XAI) into probabilistic genotyping software. 

Based on the bibliometric findings discussed in detail, research production in forensic DNA 

analysis is concentrated geographically and institutionally within specific centers, while 

thematically it revolves around statistical modeling, software validation, and legal application. 

This existing structure of the literature informs the focus of the following conclusions and 

recommendations, particularly emphasizing the resolution of methodological uncertainties and 

the standardization of software systems within forensic workflows. In this context, parameter 

variability across different software platforms has emerged as a significant source of uncertainty 

in LR calculations, especially for low-template or multi-contributor samples. Addressing these 

uncertainties necessitates the establishment of standardized validation protocols through 

international consortia and comprehensive performance testing for these challenging sample 

types. This underscores the urgency of creating globally harmonized validation frameworks. 

Furthermore, to enhance the admissibility of explainable AI systems in forensic contexts, 

decision-making processes should be rendered transparent, and these approaches should be 

aligned with international forensic standards such as ISO/IEC 17025 and 21043. Another 

critical limitation in the current literature is the narrow diversity of datasets, with most studies 

focused on specific populations and a limited set of STR kits. Future research should therefore 

emphasize population-based datasets from diverse geographic regions and integrate 
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technologies such as microhaplotypes and NGS. From an interdisciplinary collaboration 

perspective, multidisciplinary projects involving statistics, computer science, forensic genetics, 

and law hold substantial potential to advance both scientific progress and courtroom 

acceptance. To overcome regional contribution limitations, developing countries in particular 

should integrate population genetic data into international databases and actively participate in 

software validation studies, thereby providing more visible and high-quality contributions to 

the literature. 

In conclusion, AI driven forensic DNA mixture interpretation systems have demonstrated 

significant methodological advancements, both in statistical modeling approaches and 

software-based applications. The dynamic development of the field necessitates research 

strategies that focus not only on technical diversity but also on the reliability of applications, 

transparency in decision-making processes, and alignment with international standards. 

Structuring future studies in accordance with these principles will further enhance the scientific 

validity of forensic genetic analyses and their admissibility in legal proceedings. 
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ABSTRACT 

Breast cancer is one of the most frequently diagnosed malignancies in women and represents a 

major global health concern in terms of both incidence and mortality. Genomic instability plays 

a central role in the pathogenesis of cancer, and alterations observed particularly in non-coding 

Short Tandem Repeat (ncSTR) regions are considered important indicators of this process. 

Although ncSTR markers are widely used in forensic genetics for individual identification, they 

are also increasingly recognized as valuable tools for tumor biology and biomarker research. In 

this study, blood, normal tissue, and tumor tissue samples obtained from 74 breast cancer cases 

were analyzed using ncSTR profiling, and the occurrence of loss of heterozygosity (LOH) and 

microsatellite instability (MSI) was systematically assessed. The findings revealed complete 

and stable STR profiles in blood and normal tissues, whereas tumor tissues displayed significant 

levels of genetic instability. Specifically, 34 cases of cLOH, 33 cases of pLOH, and 46 cases of 

MSI were detected. In terms of allele distribution, alleles 16 and 17 at D3S1358, allele 13 at 

D19S433, alleles 19 and 23 at D2S1338, and allele 11 at D16S539 were found to be 

predominant. These results suggest that certain ncSTR loci may be more susceptible to genetic 

instability in breast cancer. Overall, the data emphasize the dual significance of ncSTR 

profiling: (i) from a forensic genetics perspective, DNA profiles derived from tumor tissues 

may lead to misleading matches or erroneous exclusions; and (ii) from a clinical biology 

perspective, ncSTR variations may reflect genomic instability in breast cancer and serve as 

potential biomarkers. Therefore, ncSTR-based analyses should be considered not only as a 

critical factor in forensic reporting but also as a complementary approach in cancer biology, 

particularly for early diagnosis, prognostic assessment, and prediction of therapeutic response. 

Keywords: Breast cancer, ncSTR, LOH, MSI, forensic genetics, biomarker 

 

1. Introduction 

Breast cancer is the most common malignancy among women worldwide and ranks second in 

terms of mortality (Giaquinto et al., 2024). The early diagnosis of the disease and the 

identification of therapeutic biomarkers are of critical importance for clinical biology and public 

health. At the molecular level, genomic instability is considered one of the fundamental 
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mechanisms in the development of breast cancer, and this instability is particularly observed in 

microsatellite repeat regions (STR – Short Tandem Repeats). 

STRs are generally located in non-coding regions and, due to their high levels of polymorphism, 

have become the gold standard in forensic genetic analyses (Pelotti et al., 2007). It has been 

demonstrated that non-coding STR regions (ncSTRs) can be utilized not only for identification 

and population genetics studies but also for cancer biomarker discovery and the understanding 

of tumor biology (Omar et al., 2024). In particular, events such as loss of heterozygosity (LOH) 

and microsatellite instability (MSI) are considered both molecular signatures reflecting cancer 

development and sources of variability that may lead to misinterpretations in forensic DNA 

profiling. 

LOH and MSI events observed in tumor tissues manifest as allele loss, the emergence of novel 

alleles, or imbalances in allelic ratios within DNA profiles (Pelotti et al., 2007). Such alterations 

may lead to misleading matches, incomplete profiles, and erroneous exclusions in forensic 

identification processes. Therefore, careful evaluation of STR profiles derived from tumor 

tissues is of critical importance in forensic reporting. From a clinical perspective, ncSTR 

variations are suggested to be associated with the loss of function of tumor suppressor genes, 

impairment of DNA repair mechanisms, and cancer progression (Omar et al., 2024). Genomic 

alterations frequently observed in breast cancer have been reported to cluster in specific ncSTR 

loci, which may serve as early molecular indicators in cancer diagnosis and therapeutic 

monitoring (Mesquita et al., 2024). In conclusion, ncSTR profiling studies hold strong potential 

not only for enhancing the reliability of DNA analyses in forensic genetics but also for the 

identification of novel biomarkers in clinical biology. 

The primary aim of this study is the systematic comparison of ncSTR profiles obtained from 

three different biological materials (blood, healthy tissue, and tumor tissue) in breast cancer 

cases, and the evaluation of LOH and MSI variations observed in these profiles from both 

forensic genetics and clinical biology perspectives. In the literature, the majority of studies have 

either focused exclusively on tumor tissues or investigated only specific STR loci. In contrast, 

this study offers a dual perspective by simultaneously comparing different biological materials 

obtained from the same individual. The originality of our work lies in its ability to highlight 

both the reliability issues of ncSTR profiling in forensic identification processes and its 

contribution to the identification of potential biomarkers in breast cancer. In this regard, the 

study serves as an interdisciplinary bridge connecting the fields of forensic genetics and cancer 

biology. 

2. Materials and Methods 

2.1 Sample Collection 

This study was conducted with the approval of the Medipol University Non-Interventional 

Clinical Research Ethics Committee (No: E-10840098-202.3.02-5292; 02.09.2024) and in 

accordance with the principles of the Declaration of Helsinki. Informed consent was obtained 

from all participants, and their confidentiality was preserved. A total of 74 volunteers over the 
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age of 18, without kinship relations, with histologically confirmed invasive cancer diagnoses, 

untreated, and without chimeric characteristics, were included. A history of blood 

transfusion/organ transplantation, the presence of another cancer diagnosis, or chronic illness 

constituted exclusion criteria. 

The study was carried out at the Anagen Analysis Research Laboratory. Blood, healthy, and 

tumoral tissue samples of cancer-diagnosed volunteers who had applied to the Forensic 

Molecular Genetics Laboratory of Istanbul University-Cerrahpaşa, Institute of Forensic 

Sciences and Legal Medicine, for DNA identification were collected. Seventy-four cases with 

an active disease course at the time of sampling were included. Venous blood samples were 

collected into 5 ml EDTA tubes and stored at +4 °C until analysis. The storage duration of the 

obtained FFPE tissue blocks ranged between 1 and 12 months (mean = 6.74 ± 2.68), while the 

participants’ ages ranged between 20 and 39 years (mean = 29.81 ± 5.49). 

2.2 DNA Isolation and Quantification 

To prevent bacterial growth and contamination, all surfaces were cleaned with 10% 

benzalkonium chloride (Zefiran IM) and 10% bleach, and consumables were sterilized by 

autoclaving. From FFPE blocks coded by a pathologist, sections of approximately 3 µm 

thickness were obtained using a scalpel, followed by deparaffinization with xylene and ethanol. 

Genomic DNA was isolated from FFPE tissues and venous blood using the QIAamp DNA Mini 

Kit (Qiagen, Germany) in accordance with the manufacturer’s protocol (QIAGEN Sample and 

Assay Technologies, 2016). During the isolation procedure, proteinase K digestion, lysis, and 

column-based purification steps were performed. The obtained DNA samples were quantified 

fluorometrically using a Qubit® Fluorometer and the Quant-iT™ dsDNA HS Kit (Thermo 

Fisher Scientific). Measurements were carried out in triplicate; when necessary, high 

concentrations were diluted to 0.2 ng/µl, and DNA isolates were stored at –20 °C until further 

analysis. 

2.3 STR Analysis 

The obtained DNA samples were amplified using the AmpFlSTR® GlobalFiler™ STR Kit 

(Applied Biosystems, USA) with the GeneAmp® 9700 PCR System, in accordance with the 

manufacturer’s protocol (Thermo Fisher Scientific Inc., 2019). The GlobalFiler™ kit covers 24 

STR loci (D3S1358, vWA, D16S539, CSF1PO, TPOX, D8S1179, D21S11, D18S51, D2S441, 

D19S433, TH01, FGA, D22S1045, D5S818, D13S317, D7S820, SE33, D10S1248, D1S1656, 

D12S391, D2S1338, DYS391, Y-indel, AMEL). Analyses were performed using the different 

fluorescent dyes included in the PCR kit and the GeneScan™ 600 LIZ™ standard. Thanks to 

MiniSTRs, reliable results could also be obtained from samples containing low amounts of 

DNA or inhibitors. 

Amplification reactions were carried out in a total volume of 12.5 µL, and the amplified 

products under standard PCR conditions were stored at +4 °C. In most samples, complete 

profiles were obtained in a single attempt; in a small number of tumor samples with missing 

alleles, PCR was repeated. 
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Amplification products were genotyped using the Applied Biosystems ABI 3500 capillary 

electrophoresis (CE) system. For this purpose, a mixture containing 9.6 µL Hi-Di™ formamide 

and 0.4 µL GeneScan™ 600 LIZ™ Size Standard was prepared per sample, and 1 µL of PCR 

product was added to this mixture. Along with control wells containing the allelic ladder, 

samples were electrophoresed using POP-4 polymer. 

2.4 Data Evaluation Criteria 

CE results were analyzed using GeneMapper™ ID-X v1.6 software. A threshold of 150 RFU 

and a kit-specific reading range of 74–444 nt were applied for allele calling. The allelic ladder 

and LIZ 600 internal standard were used as references. Negative and positive controls were 

included in each run to verify contamination status and kit performance. Analyses were 

conducted in accordance with SWGDAM guidelines, and non-allelic peaks were excluded from 

reporting. 

LOH and MSI assessments were performed using RFU values based on the mean of three 

replicates. The Allelic Imbalance Ratio (AIR) was used to evaluate LOH. Homozygous loci 

were considered non-informative for LOH and included only in MSI assessment. PCR artifacts 

(e.g., drop-out, stutter) were excluded before interpretation; in doubtful cases, isolation and 

PCR were repeated. 

 

LOH: cLOH (complete allele loss), pLOH (allelic ratio <0.30 or >1.67) 

MSI: A novel allele ≥150 RFU not present in healthy tissue. 

2.5 Statistical Analysis 

One-way ANOVA was applied for numerical data, and the Pearson Chi-square test was used 

for categorical data; Tukey HSD post-hoc analysis was performed in cases of significant 

differences (p < 0.05). Excel 2019 was used for visualization and basic calculations, while 

GraphPad Prism v8.4.3 and SPSS v27.0 were employed for advanced statistical analyses. 

STRAF 2 software was used for allele frequency analyses (Gouy & Zieger, 2025). 

3. Results 

3.1 DNA Quality 

The DNA concentrations obtained from breast cancer cases ranged from 2.58–9.05 ng/µl in 

blood, 0.59–2.42 ng/µl in healthy breast tissue, and 0.49–1.75 ng/µl in tumoral breast tissue 

(Figure 1). The DNA yield in blood was found to be significantly higher than that of both 

healthy and tumoral breast tissues. Furthermore, DNA concentration in healthy breast tissue 

was significantly higher than in tumoral tissue (p < 0.001 for all comparisons). 
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Figure 1. Distribution of DNA quantities among groups in breast cancer cases. (A) Boxplot of DNA quantities, 

(B) Scatterplot illustrating the relationship between DNA quantities in healthy and tumoral tissues. 

3.2 Allelic Distribution 

While ncSTR profiles in blood samples showed complete and heterozygous distributions, 

marked allele losses were detected in tumor tissues. Since the PCR analysis kit used covers 24 

loci, a total of 1,776 loci from 74 breast cancer cases were evaluated. The genotyping success 

rate in blood and healthy tissue samples was found to be 100%. The success rate was calculated 

using the formula: (Number of observed loci / Number of expected loci) × 100. According to 

Hardy–Weinberg Equilibrium (HWE) analysis, the genotype distribution of STR markers was 

p = 1.0 across all loci, indicating that the data were fully consistent with Hardy–Weinberg 

equilibrium. Although deviations may be expected in small sample sizes, no observed–expected 

genotype differences were found in our study, and the calculated distributions were in complete 

agreement with theoretical expectations. Figure 2 presents the allele frequencies observed at 

each locus in the study cohort. 

3.3 LOH and MSI 

When the locus-based distributions of genomic instability presented in Table 1 were evaluated, 

MSI and LOH analyses revealed that certain STR loci exhibited higher instability compared to 

others. pLOH was most frequently observed at loci D13S317 (5 cases), D16S539 (4 cases), and 

vWA (3 cases). cLOH was particularly prominent at D21S11 and D16S539 (5 cases each), 

D19S433 (4 cases), and vWA and SE33 (3 cases each). In terms of MSI events, the highest 

instability was recorded at D21S11 (8 cases), D16S539 (6 cases), SE33 and D19S433 (5 cases 

each), and vWA (4 cases). According to the widely accepted 33% rule in forensic genetic 

studies (Tozzo et al., 2021), when locus-based MSI distribution was evaluated, among the cases 

analyzed, MSI was detected in 10 out of 21 loci (47.6%). These ratios indicate that the cases 

fall into the MSI-H category, as more than 33% of the analyzed loci exhibited instability. 
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Figure 2. Distribution of allele frequencies per locus in subjects 

In Figure 3, examination of the case × locus matrices through the MSI heatmap revealed the 

most pronounced instability at D21S11, with weaker levels also observed at D16S539 and 

SE33. In Figure 4, analysis of the LOH heatmap based on case × locus matrices indicated 

notable LOH at D16S539 and D13S317, while D21S11 exhibited moderate-to-high levels of 

LOH. 
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Table 1. Distribution of STR locus-specific mutational events across tumor tissue. 

Locus cLOH pLOH MSI 

Amelogenin 0 0 0 

CSF1PO 0 0 0 

D10S1248 0 0 0 

D12S391 2 2 3 

D13S317 1 5 1 

D16S539 5 4 6 

D18S51 2 0 3 

D19S433 4 2 5 

D1S1656 1 2 2 

D21S11 5 2 8 

D22S1045 0 1 1 

D2S1338 1 1 1 

D2S441 0 0 0 

D3S1358 0 0 0 

D5S818 2 2 2 

D7S820 1 1 1 

D8S1179   - - - 

DYS391 - - - 

FGA 2 2 2 

SE33 3 2 5 

TH01 2 3 2 

TPOX 0 1 0 

Y-Indel - - - 

vWA 3 3 4 

Total 34 cLOH, 33 pLOH, 46 MSI 

 

 

Figure 3. MSI heatmap: Microsatellite instability distribution on a case × locus basis in breast 

cancer samples (Red tones indicate which locus exhibits MSI in which case) 
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Figure 4. LOH heatmap: Loss of Heterozygosity distribution on a case × locus basis in breast 

cancer samples (Blue tones indicate which locus exhibits LOH in which case). 

4. Discussion 

In this study, STR profiles obtained from tumor tissues in breast cancer cases showed 

significant differences when compared with profiles derived from blood and healthy tissues. In 

particular, the high frequency of LOH (pLOH and cLOH) and MSI events indicates that tumor-

derived DNA may substantially limit the reliability of forensic genetic analyses. This finding 

highlights the potential risks of using tumor tissues as a DNA source in forensic identification 

studies. Similarly, Pelotti et al. (2007) and Omar et al. (2024) emphasized that STR instability 

in cancer tissues may increase the likelihood of false matches or erroneous exclusions in 

forensic applications such as identification and kinship testing. 

One of the loci where MSI was most frequently observed in our study was D21S11. This result 

is consistent with the MSI distribution reported by Mesquita et al. (2024) in breast cancer 

cohorts. This finding suggests that certain STR loci may be more susceptible to genomic 

instability specific to breast cancer. In particular, STR loci exhibiting high variability may 

increase the margin of error in forensic interpretation. In this context, the obtained results 

strongly support the need to include ‘cancer tissue–derived variations’ as routine evaluation 

parameters in forensic reporting processes. 

From the perspective of clinical biology, the observation of ncSTR variations can be regarded 

not only as a forensic reliability issue but also as a molecular signature of the carcinogenesis 

process. LOH events are generally associated with the loss of tumor suppressor genes, while 

MSI arises as a consequence of impaired DNA repair mechanisms (Boland & Goel, 2010). 

Therefore, the high LOH and MSI rates observed in our study may be considered a reflection 

of the fundamental molecular mechanisms contributing to tumor progression in breast cancer. 

Moreover, MSI has been reported as a strong biomarker for predicting responses to 

immunotherapies in different cancer types (Hause et al., 2016). In this regard, ncSTR-based 

analyses may provide not only diagnostic but also clinically informative indicators for guiding 

treatment. 
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On the other hand, the findings of our study are also important in the context of population 

genetics. The distribution of major and private alleles demonstrated that certain loci possess 

discriminative potential to reveal genetic differentiation among groups. Supporting these 

differences with FST analyses would highlight that ncSTRs can be used not only for individual 

identification but also for population-based genetic studies. In particular, variants defined as 

‘private alleles’ appear to provide unique signatures both for cancer biology and for forensic 

genetic interpretation. 

The limited sample size, the inability to fully control tumor heterogeneity, and the evaluation 

of only certain ncSTR loci restrict the generalizability of the results. Nevertheless, these 

limitations do not diminish the originality of our study; rather, they underscore the need for 

larger-sample, multicenter studies encompassing different cancer types. 

In conclusion, the findings deliver a dual message: (i) From a forensic genetics perspective, 

ncSTR variations observed in tumor tissues should be carefully considered in identification and 

kinship analyses; (ii) From a clinical biology perspective, these variations may serve as 

potential biomarkers for early diagnosis, prognostic evaluation, and prediction of treatment 

response in breast cancer. Approaching ncSTR-based studies with an interdisciplinary 

perspective will not only enhance the reliability of forensic reporting but also provide new 

clinical insights into cancer biology. 

5. Conclusion and Recommendations 

In this study, ncSTR profiles obtained from blood, healthy tissue, and tumor tissues in breast 

cancer cases were compared, and it was revealed that LOH and MSI were particularly frequent 

in tumor tissues. The findings indicate that tumor-derived DNA samples may lead to misleading 

results in STR-based identification processes from a forensic genetics perspective. Therefore, 

it is recommended that tumor tissues be evaluated with caution in forensic applications, and 

that blood or healthy tissues be used as references whenever possible. 

From a clinical perspective, ncSTR profiling has the potential to serve as a valuable biomarker 

reflecting genomic instability in breast cancer cases. In particular, loci with high MSI 

frequencies are predicted to be useful for early diagnosis, prognostic monitoring, and the 

assessment of treatment response. In this context, ncSTR-based analyses are considered to play 

a complementary role alongside conventional molecular biology tests. 

For the future, it is recommended that similar analyses be conducted on larger cohorts and in 

different populations, that ncSTR variations be systematically compared across various cancer 

types, and that ncSTR profiling be incorporated into the standard analysis panels of clinical 

biobanks. 

In conclusion, ncSTR profiling holds dual significance in breast cancer for both forensic 

genetics and clinical biology. Supporting this approach through interdisciplinary research is 

expected to enhance the reliability of forensic reporting and contribute to the discovery of novel 

biomarkers in cancer biology. 
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ABSTRACT 

The genus Verbascum L. comprises more than 2,500 species worldwide and is recognized as 

the largest genus of the Scrophulariaceae family. In the flora of Turkey and the East Aegean 

Islands, 228 species of this genus have been identified, 185 of which are endemic. Verbascum 

species are known to possess various biologically active compounds, including flavonoids, 

phenylethanoid and neolignan glycosides, saponins, iridoid and monoterpene glycosides, and 

have been widely used in traditional medicine worldwide. In this study, the amino acid profile 

and trace element content of methanolic extracts derived from the root and stem organs of 

Verbascum tuna-ekimii Karavel., a locally endemic species from Erzincan (Turkey), were 

investigated. 

A total of 43 amino acids were analyzed. The highest concentration was observed in the stem 

as L-glutamine (150.18 nmol mL-1), while the root exhibited the highest level of L-proline 

(32.45 nmol mL-1). Valine, norvaline, threonine, serine, and L-histidine were found only in 

stem samples; in contrast, no amino acid was specific to the root. The generally higher levels 

of amino acids observed in the stem suggest that this organ may function as a major site of 

amino acid biosynthesis and accumulation, while the root appears to be more actively involved 

in transport and metabolic processing. Amino acids such as L‑proline, L‑glutamine, aspartic 

acid, alanine, serine, glutamate, and γ‑aminobutyric acid (GABA), found at high levels in the 
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stem, are known to be associated with various biological activities. In particular, proline and 

glutamine are involved in osmotic stress tolerance and antioxidant defense mechanisms, while 

tryptophan, tyrosine, and phenylalanine serve as essential precursors in the biosynthesis of 

secondary metabolites. 

Trace element analysis identified 13 elements.  Aluminum (Al) was highly accumulated in the 

root (2998.9 µg g-1 dry weight), which may indicate an adaptive response to tolerate Al-induced 

toxicity. In contrast, a significant accumulation of sodium (Na) was observed in the stem 

(10,564.5 µg g-1 dry weight). Given the roles of zinc (Zn) in protein synthesis and sodium in 

osmotic regulation, these elements may be related to the high amino acid levels observed in the 

stem. 

The findings indicate that Verbascum tuna-ekimii is characterized by a diverse amino acid 

composition and a valuable content of biologically active compounds and trace elements, 

highlighting its potential applications in pharmaceutical, nutraceutical, and phytotherapeutic 

fields. 

Keywords: Amino acid, Trace element and Verbascum tuna-ekimii. 
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Özet  

Biyoaktif peptidler takviye besin olarak kullanıldığında insan sağlığına faydası olan protein 

parçalarıdır ve insan vücudu üzerinde değişik fizyolojik fonksiyonlara sahiptirler. Bunun 

yanısıra bazı aktif peptidler dışarıdan alınan daha büyük peptid ya da proteinlerin sindirim 

sisteminde bulunan proteaz enzimleriyle parçalanması ile oluşurlar. Dünya’da morbititesi 

yüksek olan kardiyovasküler, kan basıncı yüksekliği, diyabet, kanser gibi hastalıkların 

tedavisinde verilen ilaçların sürekli kullanımı ve dozaj ayarlanamaması sonucu oluşan 

zehirlenme vakaları hastalıkların tedavisinde her zaman problem yaratmaktadır. Zehirlenme 

vakası ile karşılaşılmasa bile uzun süreli ilaç kullanımı en azından ciddi yan etkileri ve ilaç 

bağımlılığı gibi negatif durumları da beraberinde getirir. Bu yüzden biyoaktif doğal besin 

kaynakları söz konusu riskleri en aza indirgemede başvurulacak alternatif ilaç kaynaklarıdır. 

Denizel kaynaklı peptidler antidiabetik, antihipertansif, antiHIV, antikoagülan, antimikrobiyal, 

antiobezite, antioksidan, antiproliferatif, kalsiyum bağlayıcı gibi birçok biyoaktiviteye 

sahiptirler. Literatürde denizel kaynaklı peptidler daha çok makroorganizmalardan ve bunların 

üzerlerine yerleşmiş funguslardan izole edilmiştir. Özellikle Türkiye kaynaklı Denizel 

bakterilerden yapılmış peptid izolasyon çalışmasının olmaması bizi bu bakterilerden sekonder 

metabolit izole etmeye ve yapılarını tanımlayıp antidiyabetik aktivitelerini araştırmaya itmiştir. 

Bu nedenle antidiyabetik aktivite gösteren β glukozidaz enzim inhibitörleri analiz edilmiştir. 

TÜBİTAK-1002 projesi kapsamında bakterilerden ekstrakte edilen peptidlerden üçünün 

Edman parçalanması yöntemiyle amino asit dizilimleri saptanmış ve parçalanmalar sonrası 

ardışık peptid fragmanlarının β glukozidaz enzim inhibitörü aktivitesi ölçülmüştür. 

Çalışmamızın sonucunda Alkalihalobacillus macyae MW559742’den izole ettiğimiz G7 kodlu 

bileşiğimizin amino asit dizilimini “CMMC” yani Cys-Met-Met-Cys olan bir tetrapeptid; 

Kocuria rosea MW559735’ten izole ettiğimiz B78 kodlu bileşiğimizin amino asit dizilimini 

“LCHMCHMLH” yani Leu-Cys-His-Met-Cys-His-Met-Leu-His olan bir nonapeptid;  Bacillus 

simplex KJ161411’den izole ettiğimiz K3848 kodlu bileşiğimizin amino asit dizilimini 

“RLSLRRRGREDF” yani Arg-Leu-Ser-Leu-Arg-Arg-Arg-Gly-Arg-Glu-Asp-Phe olan bir 

siklik dodekapeptid olarak saptanmıştır. Ayrıca her bir Edman parçalanmasından elde edilen su 

fazlarında bulunan peptid parçalarının β glukozidaz enzim inhibitörü aktiviteleri de test 

edilmiştir. B78’den elde edilen His-Met-Cys-His-Met-Leu-His dizilimli heptapeptid ve Met-

Cys-His-Met-Leu-His dizilimli hekzapeptid parçaları ve G7’den elde edilen Met-Met-Cys 
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dizilimli tripeptid parçası ile Cys amino asidi enzim inhibitörü aktivitesi göstermiştir. Elde 

edilen enzim inhibitörlerinin ileri analizleri yapılarak, medikal kullanımları yönünde çalışmalar 

sürdürülmelidir. 

Anahtar kelimeler: Peptid, Edman Parçalaması, Antidiyabetik Etki, β Glukozidaz İnhibisyon 

Aktivitesi. 

 

1. GİRİŞ  

Biyoaktif peptitlerin birçok önemli biyoaktiviteye sahip oldukları bilinmektedir. Fonksiyonel 

gıdalar, kozmetikler, evcil hayvan maması üretimi ve sağlık sektörü de dahil olmak üzere çeşitli 

uygulamalarda kullanılmaktadırlar [1-2]. Bu peptitlerin moleküler ağırlıkları 2500 Da'dan azdır 

ve boyutları 2-20 amino asittir. Peptitlerin biyoaktivitesi, bileşime ve amino asit dizisine 

bağlıdır. Peptitlerin, yapısal özelliklerine, amino asit bileşimlerine ve dizilime göre 

antihipertansif, antioksidatif, hipokolesterolemik, antibakteriyel, immünomodülatör, opiat 

benzeri, mineral bağlayıcı ve antitrombotik aktivitelere sahip olabildikleri [3-4], Denizel 

kaynaklı peptidlerin alkolik olmayan karaciğer yağlanmasının önlenmesi ve tedavisinde [5], 

yara iyileştirmede [6], bağışıklık sistemi güçlendirmede [7], HIV enfeksiyonlarını tedavi 

etmede kullanılabilecekleri araştırmalarla kanıtlanmıştır [8]. Ayrıca denizel kaynaklı 

peptidlerin DPP-IV (Dipeptidil peptidaz-IV) inhibitör özellikleri yani antidiyabetik 

özelliklerinin olduğu da yapılan çalışmalarla keşfedilmiştir [9-11]. 

Edman metodunda [12-14] amino asit zincirinden N-terminal amino asit ayrılır, geride kalan 

reaksiyona girmemiş peptid ya da proteini orijinal halinden bir amino asit eksik bir şekilde 

ortama bırakır. Edman reaktifinin ana bileşiği fenilizotiyosiyanat (PITC) bazik ortamda 

peptidin N-ucundaki amino asit ile bir feniltiyokarbamoil türevi oluşturur. Daha sonra peptid 

asidik koşullarda ortama bir amino asit feniltiyohidantoin türevi vererek bir amino asidinden 

ayrılır. Bu metod sayesinde peptidlerin yapılarının aydınlatılmasında yani amino asit 

dizilimlerinin bulunmasında manuel olarak Edman reaksiyonu ya da otomatize şekli olan 

Edman dizileyicisi kullanılır. Daha sonra elde edilen amino asit-PTH bileşiklerinin yapıları ve 

dolayısıyla amino asit dizilimleri LC-MS/MS veya HPLC-MS kullanılarak belirlenir. 

β-Glukozidaz enzimi glikozidik bağı hidrolizleyen ve organizmada  sekonder metabolizma, 

biyotransformasyon, bitkilerde patojenlere karşı savunma, insan dokularında ve hücre 

duvarlarında seramid glikozidinin yıkılması gibi normal biyolojik işlemlerin sürdürülmesinden 

rol alır [15]. Klinik teşhislerde β-Glukozidaz aktivitesinin seviyesi nekrotizan enterokolit ve 

gaucher hastalığı için kullanılır. Farmasötik çalışmalarda ise β-Glukozidaz diyabet, HIV 

enfeksiyonu, metastatik kanser, lizozomal depo hastalığı gibi çok çeşitli hastalıkla 

ilişkilendirilir.  

Çalışmamızda amacımız 3 farklı denizel bakteriden izole ettiğimiz üç peptidin amino asit 

dizilimini saptayarak yapılarını aydınlatmak ve bu peptidlerden Edman parçalanması ile elde 

edilen 1 amino asit eksik ardışık peptidlerin antidiyabetik özelliklerini beta-glukozidaz 

inhibisyon aktivitelerini saptayarak araştırmaktı. 
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2. DENEYSEL ÇALIŞMALAR  

Araştımamızda; 

• Elimizde olan standart amino asitlerin feniltiyohidantoin türevleri 

sentezlenmiştir. 

• 3 farklı denizel mikroorganizmadan elde edilen saf peptidin Edman yöntemi ile 

parçalanması gerçekleştirilmiş amino asit feniltiyohidantoin türevleri 

sentezlenmiştir. 

• Amino asit-feniltiyohidantoin türevlerinin LC-MS/MS yöntemi ile yapıları 

tanımlanmıştır. 

• Amino asit-feniltiyohidantoin türevlerinin yapılarının doğrulanması ince tabaka 

kromatografisinde standart amino asitlerin feniltiyohidantoin türevlerinin Rf 

değerleri ile kıyaslama ve 

• 3 peptidin asidik hidrolizatların LC-MS/MS’lerinden elde edilen verilerle 

gerçekleştirilmiştir. 

• Her bir Edman çevrimi sonrası elde edilen bir amino asit eksik peptid parçaları 

üzerinde Beta-glukozidaz enzim inhibisyon testleri gerçekleştirilmiştir.  

 

3. SONUÇLAR VE DEĞERLENDİRME  

 3.1 Standart amino asitlerin ve peptidlerin Edman Yöntemi ile Parçalanması ve 

Kontrolü  

Sentezlenen türevler için TLC yürütücü solvent sistemi olarak CHCl3: Aseton: 29: 3 [16-18] 

kullanıldı ve plak ninhidrin ile renklendirildi ve Rf değerleri hesaplanarak çizelge haline 

getirildi. Parçalanmaların bitimi su fazlarının (CW) TLC kontrolü ile belirlendi (Görsel 1). G7 

için 4 kez parçalanma, B78 için ise 9 parçalanma gerçekleştirildi. Elde edilen ürünlerin TLC 

fotoğrafları Görsel 2’de verilmiştir. K3848 kodlu peptidimizde ise Edman reaksiyonu 

gerçekleşmedi yani parçalanma olmadı (Görsel 3). Bu durum, bu peptidin N-ucunun bloke 

olduğunu veya halkalı yani bir siklopeptid olduğunu ortaya çıkardı [19]. 

 

 

 

 

 

 

 

 

 

Görsel 1. Edman parçalanması bitimi su fazları ve peptidlerin yanyana TLC Profilleri 
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Görsel 2. G7 ve B78’den elde edilen amino asit-PTH türevlerinin TLC profilleri-Rf değerleri-Karşılık 

gelen amino asit 

 

 

 

 

 

 

 

 

 

 

 

 

Görsel 3. Kör ve K3848’in CEO ve CW TLC Profilleri 
 

3.2 K3848 Siklopeptidinin Hidrolizlenmesi ve Elde Edilen Peptid Parçalarının İzole Edilmesi 

 

K3848 peptidi asit ile hidrolizlenerek elde edilen parçalar kromatografik yöntemlerle ayrıldı 

(Görsel 4). 

 

 
 

Görsel 4. K3848 Hidrolizatının kromatografik yöntemlerle izolasyonu 
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3.3 Elde Edilen Hidrolizat Parçalarının Edman Yöntemi ile Parçalanması 

 

Edman reaksiyonunun bitimi su fazlarının (CW) TLC kontrolü ile belirlendi (Görsel 1). 1978, 

913, 1416, 1721, 2226, 3134 kodlu peptid parçaları 2’şer kez parçalandı. Elde edilen ürünlerin 

Edman ürünlerinin TLC fotoğrafı Görsel 5’te verilmektedir. 

 

 

 

 

 

 

 

 

 

 

Görsel 5. K3848 hidrolizat fraksiyonlarından den elde edilen amino asit-PTH türevlerinin TLC 

profilleri-Rf değerleri-Karşılık gelen amino asit 

 

3.4 Elde Edilen Fenil Tiyohidantoin Türevlerinin LC-MS/MS ile Kütlelerinin 

Belirlenmesi 

LC-MS/MS cihazı ile her bir ürün için karakteristik fenil tiyohidantoin piki literatürdeki [20] 

standart amino asit-PTH kütle verileri ve online kütle tanılama web siteleri 

(https://massbank.eu/MassBank/Search, 

https://www.sisweb.com/software/ms/nistsearch.htm?name=cysteine&ei=on&search=Search

+NIST) ile kıyaslanarak belirlenmiştir (Çizelge 1). 

Çizelge 1. Amino asit-PTH türevlerinin kütleleri ve karşılık gelen amino asit-PTH türevleri 
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Elde edilen bulgulara göre G7 ve B78’in molekül yapıları çizilmiştir (Görsel 6-7). 

 

 

 

 

 

 

 

Görsel 6. G7’nin molekül yapısı 

 

 

 

 

 

 

 

 

 

Görsel 7. B78’in molekül yapısı 

K3848’in hidrolizinden elde edilen peptid parçalarının Edman ürünlerinin LC-MS/MS 

sonuçlarına göre yapıları çizilmiştir (Görsel 8-10). Ayrıca Görsel 11’de K3848’in yapısı ortaya 

çıkarılan dipeptid parçaları eklenerek olası bir siklik yapı çizilmiştir. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Görsel 8. K3848’in 1978 ve 913 nolu fraksiyonlarının molekül yapısı 
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Görsel 9. K3848’in 1416 ve 1721 nolu fraksiyonlarının molekül yapısı 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Görsel 10. K3848’in 2126 ve 3134 nolu fraksiyonunun molekül yapısı 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Görsel 11. K3848’in dipeptid parçalarının birleştirilmesi sonucu oluşan olası yapılardan biri 
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3.5 Elde edilen peptidlerin Beta-Glikozidaz Aktivite İnhibisyon Sonuçları 

 

Alkalihalobacillus macyae MW559742, Kocuria rosea MW559735 ve Bacillus simplex 

KJ161411 denizel bakterilerinin MeOH ekstrelerinin, ekstrelerden elde edilen sırasıyla G7, B78 

ve K3848 kodlu saf metabolitlerinin ve bu metabolitlerin Edman yöntemi ile parçalanmasıyla 

elde edilen peptid parçalarının beta glikozidaz inhibitörü üretim özellikleri enzim agar plak 

yöntemiyle incelenmiş ve sonuçlar pozitif ve negatif kontroller ile birlikte değerlendirilmiştir 

(Çizelge 2). Pozitif kontrol olarak Conduritol β Epoksit (5mg/mL DMSO) kullanılmış, tüm 

enzim agar plaklarında 0,7 cm çaplı bir renk açımı göstermiştir. Negatif kontrol olarak 

Dimetilsülfoksit (DMSO) uygulanmış, enzim agar plaklarında renk açılması gözlenmemiştir 

(Görsel 12). 

 

Çizelge 2. Beta-Glikozidaz Aktivite İnhibisyon Sonuçları 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Görsel 12. Alkalihalobacillus macyae MW559742 bakterisinden elde edilen Met-Met-Cys 

tripeptidinin enzim-agar plak yöntemi ile görüntülenmesi (İnhibisyon çapı 0,2 cm) 

 

Özetle, Bacillus simplex KJ161411 bakterisinin K3848 saf metabolitinden elde edilen 6 adet 

hidroliz parçasının 4’ü negatif sonuç vermiştir. K3848 peptidi enzim inhibisyonu yapmamıştır, 

hidroliz parçalarına uygulanan Edman parçalanması ürünlerinden olan Leu/ILeu/Nle ve Glu 
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amino asitlerinin ayrı ayrı inhibitör özelliğe sahip oldukları bulunmuştur. Kocuria rosea 

MW559735 bakterisinden izole edilen B78 peptidine uygulanan Edman reaksiyon ürünlerinden 

His-Met-Cys-His-Met-Leu-His heptapeptidi ile Met-Cys-His-Met-Leu-His hekzapeptidi 

inhibitör özellik göstermiştir. Alkalihalobacillus macyae MW559742 bakterisinden elde edilen 

G7 peptidinin Met-Met-Cys dizilimli tripeptid parçası ve Cys amino asidi beta glukozidaz 

inhibitörü olarak aktivite göstermiştir. Bunların yanı sıra, K14162 ve K21262 Edman reaksiyonu 

yan ürünü karışımı hariç, tüm Edman reaksiyonu yan ürünü karışımları uygulandığı enzim agar 

plaklarında inhibisyon zonu oluşturmuştur. Bunun nedeni Edman reaksiyonunda yan ürün 

olarak ortamda bulunan tiyoüre türevleri olan difeniltiyoüre (DPTU), dimetil feniltiyoüre 

(DMPTU) ve diğer üre bileşikleri difenilüre (DPU), ditiyotireitol (DTT) bileşiklerinden 

özellikle tiyoüre türevlerinin diyabetle ilişkili enzimleri inhibe etmesidir, bu özellikleri ve DM 

tedavisinde ilaç adayı olarak kullanılabilecekleri birçok çalışma ile kanıtlanmıştır [21]. 

Bakteri peptidlerinin Edman ürünleri olan peptid ve aminoasit parçalarının hiçbiri, beta-

glukozidaz inhibisyonu özelliği bakımından bakterinin metanol ekstraktlarından daha aktif 

bulunmamıştır.  

Yapılarını tanımladığımız G7, B78 ve K3848’i daha önceki çalışmalarımızda asidik hidrolize tabi 

tutmuştuk. Bu hidrolizatların da LC-MS/MS’leri çekildi.  https://www.biosyn.com/tew/amino-

acid-masses-tables.aspx web sitesindeki tablolar kullanılarak gözlenen kütle pikleri 

yorumlanmıştır. G7 hidrolizatında karboksimetil sisteine ait bir pik olan m/z 161 gözlendi. Bu 

yapımızdaki 2 adet sistein varlığını kanıtlar. B78 hidrolizatında ise m/z 139 histidin piki, 149 

metiyonin piki, 161 karboksimetil sistein piki, 245 Metiyonin + Leu/Ileu/Nle piki gözlenerek 

yapıdaki bu amino asitlerin varlığını doğrulamıştır. K3848 hidrolizatında varlığı doğrulanan 

amino asit pikleri ise m/z 156 arginin piki, 165 fenil alanin piki, 263 Aspartik asit + Phe piki, 

200 Ser + Leu/Ileu/Nle piki, 312 Arg + Arg (M +5 şeklinde), 269 Arg + Leu/Ileu/Nle piki (M+ 

4 şeklinde) dir. Doğrulanan yapıların dizilim taramaları G7 için “CMMC”, B78 için 

“LCHMCHMLH”, K3848 için “RLSLRRRGREDF” şeklinde https://www.uniprot.org/tool-

dashboard peptid veritabanında taratılmış ve eşleşme bulunamamıştır (Görsel 13). 

 

 

 

 

 

 

 

 

Görsel 13. Üç yapımıza ait amino asit dizilimlerinin Uniport Peptid Arama motorundaki sonuçları 

 

Literatürde Alkalihalobacillus macyae’den izole edilmiş bir peptid çalışması bulunmamaktadır.  

Dixit vd. (2023) tarafından Alkalihalobacillus clausii 088AE’dan elde edilen Clausin-088AE 

isimli bir peptid izole edilmiştir (Görsel 14) [22]. Peptidin sistein (Cys-C) içeriği fazladır. G7 

yapımızın amino asit diziliminde de (CMMC) 2 adet sistein bulunmaktadır.  
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Görsel 14. Clausin-088AE’nin amino asit dizilimi 

 

Ahire vd. (2020) Bacillus clausii UBBC07’den Görsel 15’ deki clausin türevinin izole 

etmiştirlerdir [23]. 

 

 

 

 

 

 

Görsel 15. Bacillus clausii UBBC07’den elde edilen clausin türevi [23] 

 

Bu da bize clausin yapısındaki peptidlerin Bacillus cinsi bakterilerde de var olduğunu 

göstermiştir. Bu yüzden bu yapıyı K3848 maddesinin amino asit içeriği ile de karşılaştırabiliriz. 

K3848’in dipeptidlerini birleştirerek elde ettiğimiz olası dizilim “RLSLRRRGREDF” 

şeklindedir. Yapımızdaki fenil alanin (Phe-F), Glisin (Gly-G) ve aspartik asit (Asp-D) amino 

asitleri Bacillus cinsi bakteriden izole edilen clausindeki amino asitler ile ortaktır.  

Bacillus cinsi bakterilerden çok geniş sayıda aktif peptid elde edilmiştir ve bu çalışmalar yeni 

inhibitör madde arayışı için umut verici bir başlangıç noktası olmuştur [24-26]. Literatürde 

Bacillus simplex’in birçok suşundan peptid izolasyonu yapılmıştır. Bunlardan biri Brezilya 

Amazon Havzasından yakalanmış bir balığın bağırsak içeriğinde bulunan bir Bacillus sp. 

bakterisinden elde edilen bir Fengycin peptididir (Görsel 16) [27-28]. P34 olarak kodlandırılan 

bu peptidin amino asit içeriğini K3848 molekülümüzün amino asitleri ile karşılaştırdığımızda 

Glutamik asit (Glu-E), lösinin bir türevi olan izolösin (Ileu-I) amino asitlerinin ortaklık 

gösterdiğini görmekteyiz.  

 

 

 

 

 

 

 

 

 

 

Görsel 16. Fengycin Yapısı [28] 

 

 B78’in kaynağı olan bakterimiz Kocuria rosea ile yapılan bir çalışmada Linares-Otoya vd. 

(2017) tarafından yeni koçurin isimli tiyopeptid izole edilmiştir ve antimikrobiyal aktivitesi 

çalışılmıştır [29].  Görsel 17’de Kocuria rosea’dan elde edilen Kocuria rosea S17 isimli 

tiyopeptidi ve diğer Kocuria türlerinden elde edilen (Kocuria flava HO-9041, Kocuira sp. UCD-

OTCP) tiyopeptidlerin amino asit dizilimleri verilmiştir. Bu dizilimleri B78’e ait 
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LCHMCHMLH ile karşılaştırdığımızda yapıdaki tüm amino asitleri yani lösin (Leu-L), 

metiyonin (Met-M), sistein (Cys-C), histidin (His-H)’i içerdiğini görmekteyiz. 

 

 

 

 

 

 

 

 

 

Görsel 17. Kocuria sp.’den elde edilen peptidlerin amino asit dizilimleri [29] 

 

4. GENEL DEĞERLENDİRME VE SONUÇLAR 

Projemizde yapılarının aydınlanmasını amaçladığımız Alkalihalobacillus macyae 

MW559742’den elde edilen G7, Kocuria rosea MW559735’ dan elde edilmiş B78 ve Bacillus 

simplex KJ161411’den elde edilmiş K3848’in amino asit dizilimleri LC-MS/MS ve TLC 

analizleri ile aydınlatılmıştır. Yapılardaki amino asitlerin kütle verileri bilinen amino asitler ile 

örtüştüğü ve bilinen amino asitlerden oluştuğu için IR- ve NMR-spektroskopik analizlerine 

ihtiyaç duyulmamıştır. Ancak yapıların doğrulanması için kanıtları arttırabilmek adına söz 

konusu analizler daha sonra gerçekleştirilecektir. Amino asit konfigürasyonlarının belirlenmesi 

için CD-spektrumları da çekilecektir. 

Mikroorganizmaların birçoğunun potansiyel terapötik özelliğe sahip sınırsız bir doğal ürün 

kaynağı olduğu iyi bilinmektedir. Bu nedenle, biyoinformatik ve moleküler biyoloji temelli 

teknolojileri birleştirerek antidiyabetik aktiviteyle bağlantılı peptitlerin yapısal özelliklerinin 

araştırılması, bol miktarda bulunan bu denizel kaynaklardan keşfedilecek yeni ve aktif peptitleri 

kullanmak için güçlü bir araç olacaktır. Gelecekte bu çalışmaların sonuçlarından elde edilen 

veriler insan modelleri veya klinik denemeler kullanan araştırma çalışmalara da yön verecektir.  
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ABSTRACT 

As a nutritional supplement, bioactive peptides are protein fragments that are beneficial to 

human health and have various physiological functions within the human body. Some active 

peptides are also produced by the hydrolysis of exogenous larger peptides or proteins using 

protease enzymes. The continuous use of drugs, which has cured the high morbidity illnesses 

of the world, like cardiovascular diseases, hypertension, diabetes, cancer, and poisoning cases, 

is problematic because of the wrong dosage application, which is always causing problems in 

the treatment of these diseases. Even if it has not been faced with poisoning cases, long-term 

drug use is accompanied by negative situations such as serious side effects and drug addiction. 

Therefore, bioactive natural food sources are an alternative to reduce the risks. Marine peptides 

have many bioactivities, such as antidiabetic, antihypertensive, anti-HIV, anticoagulant, 

antimicrobial, anti-obesity, antioxidant, antiproliferative, and calcium-binding properties. 

Marine peptides are more isolated from the macroorganism and their related fungi in the 

literature. Our research on peptid isolation from marine bacteria, particularly in the unique 

marine environment of Turkey, has the potential to impact the field significantly. Therefore, β-

glucosidase enzyme inhibitors with antidiabetic activity were analyzed. In the present study, 

the amino acid sequences of three peptides extracted from bacteria within the scope of the 

TÜBİTAK-1002 project were determined using Edman fragmentation. After fragmentation, the 

inhibitory activity of the β-glucosidase of consecutive peptide fragments was measured. As a 

result of our study, the G7 coded compound isolated from Alkalihalobacillus macyae 

MW559742 was determined to be a tetrapeptide with the amino acid sequence "CMMC" i.e. 

Cys-Met-Met-Cys; the B78 coded compound isolated from Kocuria rosea MW559735 was 

detected to be a nonapeptide with the amino acid sequence "LCHMCHMLH" i.e. Leu-Cys-His-

Met-Cys-His-Met-Leu-His; the K3848 coded compound isolated from Bacillus simplex 

KJ161411 was determined to be a cyclic dodecapeptide with the amino acid sequence 

"RLSLRRRGREDF" i.e. Arg-Leu-Ser-Leu-Arg-Arg-Arg-Gly-Arg-Glu-Asp-Phe. In addition, 

the inhibitory activities of the β-glucosidase enzyme were tested for the peptide fragments 

found in the water phases obtained from each Edman degradation. The His-Met-Cys-His-Met-

Leu-His heptapeptide and Met-Cys-His-Met-Leu-His hexapeptide fragments obtained from 

B78, the Met-Met-Cys tripeptide fragment obtained from G7, and the Cys amino acid showed 
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enzyme inhibitory activity. Further analyses of the obtained enzyme inhibitors should be 

conducted, and studies on their medical use should be continued. 

Keywords: Peptide, Edman Degradation, Antidiabetic Effect, β Glucosidase Inhibition 

Activity. 

 

1. INTRODUCTION 

Bioactive peptides are known to possess many essential bioactivities. They are used in various 

applications, including functional foods, cosmetics, pet food production, and healthcare [1-2]. 

These peptides have a molecular weight of less than 2500 Da and a size of 2-20 amino acids. 

The bioactivity of peptides depends on their composition and amino acid sequence. Depending 

on their structural properties, amino acid composition, and sequence, peptides can have 

antihypertensive, antioxidative, hypocholesterolemic, antibacterial, immunomodulatory, 

opiate-like, mineral-binding, and antithrombotic activities [3-4]. Studies have shown that 

marine-derived peptides can be utilized in the prevention and treatment of non-alcoholic fatty 

liver disease [5], wound healing [6], immune system strengthening [7], and treating HIV 

infections [8]. In addition, studies have discovered that marine peptides have DPP-IV 

(Dipeptidyl peptidase-IV) inhibitory properties, i.e., antidiabetic properties [9-11]. 

In the Edman method [12-14], the N-terminal amino acid is cleaved from the amino acid chain, 

leaving the remaining unreacted peptide or protein with one amino acid missing from its 

original state. The main compound of the Edman reagent, phenylisothiocyanate (PITC), forms 

a phenylthiocarbamoyl derivative with the amino acid at the N-terminus of the peptide in a 

basic condition. The peptide is then separated from one of its amino acids under acidic 

conditions, yielding a phenylthiohydantoin derivative. This method provides for the structure 

elucidation of peptides, that is, the determination of amino acid sequences, using either the 

manual Edman reaction or its automated version: the Edman sequencer. The resulting amino 

acid-PTH compounds' structures, and hence the amino acid sequences, are then determined 

using LC-MS/MS or HPLC-MS. 

The enzyme β-glucosidase breaks up the glycosidic bonds and is involved in maintaining 

normal biological processes in the body, such as secondary metabolism, biotransformation, 

defense against pathogens in plants, and the degradation of ceramide glycoside in human tissues 

and cell walls [15]. In clinical diagnostics, β-glucosidase activity levels assess necrotizing 

enterocolitis and Gaucher disease. In pharmaceutical studies, β-glucosidase has been linked to 

a wide variety of diseases, including diabetes, HIV infection, metastatic cancer, and lysosomal 

storage disease. 

Our study aimed to elucidate the structures of three peptides isolated from three different marine 

bacteria by determining their amino acid sequences and to investigate the antidiabetic properties 

of sequential peptides lacking one amino acid obtained from these peptides by Edman 

degradation. 
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2. EXPERIMENTAL  

In our research; 

• Phenylthiohydantoin derivatives of available standard amino acids were synthesized. 

• Pure peptides obtained from three marine microorganisms were fractionated using the 

Edman method, and the amino acid phenylthiohydantoin derivatives were synthesized. 

• The structures of the amino acid-phenylthiohydantoin derivatives were determined using 

LC-MS/MS. 

• To verify the structures of the amino acid-phenylthiohydantoin derivatives, they are 

compared with the Rf values of the phenylthiohydantoin derivatives of standard amino acids 

and 

• LC-MS/MS data obtained from acidic hydrolyzates of the three peptides. 

• Beta-glucosidase enzyme inhibition tests were performed on peptide fragments lacking one 

amino acid obtained after each Edman cycle. 

 

3. RESULTS AND DISCUSSION  

 3.1 The standard amino acid, peptides degradations with Edman Reaction and TLC 

controls 

For the synthesized derivatives, CHCl3: Acetone: 29: 3 [16-18] was used as the TLC running 

solvent system, and the plate was stained with ninhydrin, and the Rf values were calculated and 

tabulated. The completion of the fragmentations was determined by TLC control of the water 

phases (CW) (Figure 1). 4 fragmentations were performed for G7, and nine fragmentations were 

performed for B78. TLC photographs of the obtained products are given in Figure 2. The Edman 

reaction of K3848 did not occur, i.e., no fragmentation occurred (Figure 3). This situation showed 

us that the N-terminus of this peptide was blocked or cyclic, i.e., it was a cyclopeptide [19]. 

 

 

Figure 1. The TLC profile of the completion of the fragmentations H2O phases and original peptides 

 

 

 


