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ABSTRACT 

 

STR markers located on the Y chromosome and the Y Chromosome 

Haplotype Reference Database (YHRD) are used to analyze and interpret 

DNA evidence in sexual assault investigations. 

 

 The analysis of short tandem repeat (STR) DNA sequences is of fundamental 

importance to forensic science because they have become the recognized 

standard in constructing national public databases. Consequently, 

considerable effort has been expended in developing multiplexed (one tube) 

reactions that analyze several loci in combination. The implementation of 

STRs in casework cannot take place without a full understanding of the 

systems used. The purpose of validation is to characterize multiplexes when 

one is challenged with forensic samples. For example, mixtures are often 

encountered that may be particularly difficult to interpret against a 

background of allelic artifacts. By increasing the number of PCR 

amplification cycles, it is possible to dramatically boost the sensitivity of the 

system so that just a handful of cells may be successfully analyzed. However, 

interpretation is much more complex because the origin of DNA profiles may 

be less certain and complicated by issues such as contamination, the potential 

for innocent transfer, and a predominance of mixtures. This review provides a 

brief historical background of the development of STRs in forensic casework 

that culminated in the creation of national DNA databases. The development 

of guidelines to interpret complex DNA profiles, such as mixtures, is 

outlined. Finally, the recent innovation of low copy number DNA profiling is 

explained along with the special considerations needed to report in court. 

 

Short tandem repeats (STRs) are short tandemly repeated DNA sequences that 

involve a repetitive unit of 1–6 bp. Because of their polymorphisms and 

high mutation rates, STRs are widely used in biological research. Strand-

slippage replication is the predominant mutation mechanism of STRs, and the 

stepwise mutation model is regarded as the main mutation model. STR 

mutation rates can be influenced by many factors. Moreover, 

some trinucleotide repeats are associated with human neurodegenerative 
diseases. In order to deepen our knowledge of these diseases and 

broaden STR application, it is essential to understand the STR mutation 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/microsatellite-dna
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/repeated-sequence-dna
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mutation-rate
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/trinucleotide-repeat-expansion
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process in detail. In this review, we focus on the current known information 

about STR. 

 

 

 
  

 Python in Forensic science: 

Python has built-in capabilities to support digital investigation and protect the 

integrity of evidence during an investigation. In this tutorial, we will explain 

the fundamental concepts of applying Python in computational (digital) 

forensics that includes extracting evidence, collecting basic data, and 

encryption of passwords as required. 

 

 

 

Keywords: Y Chromosome Haplotype Reference Database (YHRD) , Short 

tandem repeat (STR) 

https://www.researchgate.net/figure/Schematic-diagram-of-a-profile-comprising-two-minor-bands-A-and-B-and-two-major-bands_fig1_11513746
https://www.researchgate.net/figure/Schematic-diagram-of-a-profile-comprising-two-minor-bands-A-and-B-and-two-major-bands_fig1_11513746
https://wires.onlinelibrary.wiley.com/cms/asset/f029f4c2-9187-421f-a7f0-9b162beaa98d/wfs21336-toc-0001-m.jpg
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CHAPTER-1 

INTRODUCTION 

 

 

1.1. OUTLINE OF THE PROJECT 

1.1.1. SHORT TANDEM REPEATS (STR): 

Short tandem repeats (STRs) are short repeated sequences of DNA (2–6 bp) that 

account for approximately 3% of the human genome (Lander et al., 2001). The 

number of repeat units is highly variable among individuals, which offers a high 

power of discrimination when analyzed for identification purposes. It is a widely 

accepted notion that STRs are non-coding in nature and are therefore not 

implicated in gene expression (Tautz and Schlotterer, 1994; Ramel, 1997; Butler, 

2006; Biscotti et al., 2015). There is increasing evidence, however, that non-

coding DNA sequences such as STRs may be involved in gene regulation via 

various mechanisms, hence being associated with phenotype (Sawaya et al., 

2013; Chen et al., 2016). 

 

 

1.1.2. STR MARKERS: 

A short tandem repeat (STR or microsatellite) is a pattern of two or more nucleotides 

that are repeated directly adjacent to each other. 

The repeats can range in length from 2 to 6 base pairs/repeat. A short tandem repeat 

polymorphism occurs when homologous STR loci differ in the number of repeats 

between individuals. By identifying repeats of a specific sequence at specific locations 

in the genome, it is possible to create a genetic profile of an individual. 

When running a QF-PCR assay, STRs are amplified by PCR using the unique 

sequences of flanking regions as primers. By using fluorescently labelled primers 

amplified STRs can be identified and quantified on a capillary electrophoresis 

instrument. 

https://www.frontiersin.org/articles/10.3389/fgene.2020.00884/full#B42
https://www.frontiersin.org/articles/10.3389/fgene.2020.00884/full#B73
https://www.frontiersin.org/articles/10.3389/fgene.2020.00884/full#B60
https://www.frontiersin.org/articles/10.3389/fgene.2020.00884/full#B10
https://www.frontiersin.org/articles/10.3389/fgene.2020.00884/full#B10
https://www.frontiersin.org/articles/10.3389/fgene.2020.00884/full#B9
https://www.frontiersin.org/articles/10.3389/fgene.2020.00884/full#B65
https://www.frontiersin.org/articles/10.3389/fgene.2020.00884/full#B65
https://www.frontiersin.org/articles/10.3389/fgene.2020.00884/full#B12
https://www.devyser.com/knowledge-hub/principles-of-qf-pcr
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                                                   Figure – 2.1 

 

1.1.2.1. QF – PCR ASSAY: 

Quantitative fluorescent PCR (QF-PCR) has been used by many 

laboratories for prenatal diagnosis of the most common aneuploidies. QF -

PCR is rapid, cost-effective, and suitable for automation and can detect 

most abnormalities diagnosed by conventional karyotyping. Whether QF-

PCR should be used alone in most of the samples and in which karyotyping 

should also be offered is currently a topic of debate. We evaluated and 

compared the results obtained from 7679 prenatal samples in which 

conventional karyotype and QF-PCR had been performed, including 1243 

chorionic villi and 6436 amniotic fluid samples. Concordant QF-PCR and 

karyotype results were obtained in 98.75% of the samples. An abnormal 

karyotype associated with adverse clinical outcome undetected by QF-PCR 

was found in 0.05% of samples. Therefore, QF-PCR can be used alone in a 

large number of samples studied in a prenatal laboratory, thereby reducing 

both the workload in cytogenetic laboratories and parental anxiety when 

awaiting results. 

1.1.2.2. PCR: 

Polymerase chain reaction (PCR) is a laboratory technique used to amplify DNA 

sequences. The method involves using short DNA sequences called primers to 
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select the portion of the genome to be amplified. The temperature of the sample is 

repeatedly raised and lowered to help a DNA replication enzyme copy the target 

DNA sequence. The technique can produce a billion copies of the target sequence 

in just a few hours. 

1.1.3. Y CHROMOSOME: 

The Y chromosome is one of the two sex chromosomes in people. The Y 

chromosome traverses in excess of 59 million structure squares of DNA and speaks 

to just about 2 percent of the complete DNA in cells. Every individual ordinarily has 

one set of sex chromosomes in every cell. The Y chromosome is available in Men, 

who have one X and one Y chromosome, while females have two X chromosomes. 

Distinguishing qualities on every chromosome is a functioning territory of hereditary 

exploration. Since analysts utilize various ways to deal with foresee the quantity of 

qualities on every chromosome, the assessed number of qualities changes. The Y 

chromosome probably contains 50 to 60 qualities that give directions to making 

proteins. Sex is dictated by the SRY quality, which is liable for the improvement of 

an embryo into a male.. Numerous qualities are remarkable to the Y chromosome, 

yet qualities in territories known as pseudoautosomal areas are available on both 

sex chromosomes. Accordingly, people each have two useful duplicates of these 

qualities. Numerous qualities in the pseudoautosomal districts are basic for typical 

turn of events. 

 

1.1.4 FORENSIC SCIENCE: 

Forensic science is a critical element of the criminal justice system.  Forensic 
scientists examine and analyze evidence from crime scenes and elsewhere to 
develop objective findings that can assist in the investigation and prosecution of 
perpetrators of crime or absolve an innocent person from suspicion.  

Common forensic science laboratory disciplines include forensic molecular biology 
(DNA), forensic chemistry, trace evidence examination (hairs and fibers, paints 
and polymers, glass, soil, etc.), latent fingerprint examination, firearms and 
toolmarks examination, handwriting analysis, fire and explosives examinations, 
forensic toxicology, and digital evidence.  Some forensic disciplines practiced 
outside forensic laboratories include forensic pathology, forensic nursing, forensic 
psychiatry, forensic entomology, and forensic engineering.  Practitioners of these 
disciplines are most often found in medical examiner or coroner offices, in 
universities, or in private practices.  

The Department of Justice maintains forensic laboratories at the Bureau of 
Alcohol, Tobacco, Firearms, and Explosives, the Drug Enforcement 
Administration, and the Federal Bureau of Investigation.  The Department, through 
the National Institute of Justice, is a sponsor of cutting-edge research.  Its labs 
serve as a model for government forensic agencies at the federal, state and local 
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levels.  The Department strives to set the global standard for excellence in forensic 
science and to advance the practice and use of forensic science by the broader 
community. 

This website contains information of value to the forensic science community, as 
well as stakeholders engaged in the criminal justice system with interests in 
forensic science. 

 

Y CHROMOSOME IN FORENSIC SCIENCE: 

Measurable examination of Y-chromosome DNA is particularly valuable when a 

modest quantity of male DNA is blended in with a lot of female DNA, for example, 

happens in rape cases. Clarifying this proof in court, notwithstanding, is troublesome 

in light of the fact that the Y chromosome goes down generally unaltered from 

fathers to children, so a solitary Y-chromosome profile can be shared by many men 

in a populace. Rather than a match likelihood or information base tally it’s usually 

recommended that courts be told about the conceivable number of coordinating 

guys in the populace, and the potential outcomes of their relatedness, which is 

regularly more far off than uncle or cousin however a lot nearer than for an arbitrary 

man. They additionally show how the appropriation of coordinating Men can be 

influenced by information base data, and propose approaches to introduce this data 

in court to clarify that Y-chromosome proof can't absolutely distinguish the guilty 

party, however can drastically decrease the quantity of potential wellsprings of the 

DNA.. After the presentation of DNA profiling utilizing non-sex chromosomes, the 

system had issues that, when tended to, made profiling an incredible asset that has 

altered scientific science. Presently, Y chromosome profiling must go through 

similar cycle to evaluate the outcomes in a manner that is substantial and 

straightforwardly interpretable to courts. The new programming introduced in 

this examination could be utilized to improve the precision of Y chromosome proof 

and to build its comprehension by judges and members of the jury.  

 

1.2. OUTSOURCE: 

1.2.1. TOOLS AND SOFTWARE USED TO PREDICT: 

The tool here used for “STUDIES ON THE ROLE OF SHORT TANDEM 

REPEATS ON Y CHROMOSOME USING FORENSIC SCIENCE” are 

UNIPRO UGENE AND PYTHON . 
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1.2.2.UGENE:  

 

UGENE is computer software for bioinformatics. It works on personal 
computer operating systems such as Windows, macOS, or Linux. It is released 
as free and open-source software, under a GNU General Public License (GPL) 
version 2. 

UGENE helps biologists to analyze various biological genetics data, such 
as sequences, annotations, multiple alignments, phylogenetic trees, NGS 
assemblies, and others. The data can be stored both locally (on a personal 
computer) and on a shared storage (e.g., a lab database). 

UGENE integrates dozens of well-known biological tools, algorithms, and original 
tools in the context of genomics, evolutionary biology, virology, and other branches 
of life science. UGENE provides a graphical user interface (GUI) for the pre-built 
tools so biologists with no computer programming skills can access those tools 
more easily. 

Using UGENE Workflow Designer, it is possible to streamline a multi-step 
analysis. The workflow consists of blocks such as data readers, blocks executing 
embedded tools and algorithms, and data writers. Blocks can be created with 
command line tools or a script. A set of sample workflows is available in the 
Workflow Designer, to annotate sequences, convert data formats, analyze NGS 
data, etc. 

Beside the graphical interface, UGENE also has a command-line interface. 
Workflows may also be executed thereby. 

To improve performance, UGENE uses multi-core processors (CPUs) 
and graphics processing units (GPUs) to optimize a few algorithms 

 

1.2.3.PYTHON: 

Python is a high-level, general-purpose programming language. Its design 
philosophy emphasizes code readability with the use of significant indentation. 
Its language constructs and object-oriented approach aim to 
help programmers write clear, logical code for small- and large-scale projects.  

Python is dynamically-typed and garbage-collected. It supports 
multiple programming paradigms, including structured (particularly procedural), 
object-oriented and functional programming. It is often described as a "batteries 
included" language due to its comprehensive standard library.  

Guido van Rossum began working on Python in the late 1980s as a successor to 
the ABC programming language and first released it in 1991 as 
Python 0.9.0.[33] Python 2.0 was released in 2000 and introduced new features 
such as list comprehensions, cycle-detecting garbage collection, reference 
counting, and Unicode support. Python 3.0, released in 2008, was a major revision 
that is not completely backward-compatible with earlier versions. Python 2 was 
discontinued with version 2.7.18 in 2020.  

Python consistently ranks as one of the most popular programming languages.  

https://en.wikipedia.org/wiki/Software
https://en.wikipedia.org/wiki/Bioinformatics
https://en.wikipedia.org/wiki/Personal_computer
https://en.wikipedia.org/wiki/Personal_computer
https://en.wikipedia.org/wiki/Microsoft_Windows
https://en.wikipedia.org/wiki/MacOS
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/Free_and_open-source_software
https://en.wikipedia.org/wiki/GNU_General_Public_License
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Genetics
https://en.wikipedia.org/wiki/DNA_sequencer
https://en.wikipedia.org/wiki/Multiple_alignment
https://en.wikipedia.org/wiki/Phylogenetic_tree
https://en.wikipedia.org/wiki/Sequencing
https://en.wikipedia.org/wiki/Sequencing
https://en.wikipedia.org/wiki/Genomics
https://en.wikipedia.org/wiki/Evolutionary_developmental_biology
https://en.wikipedia.org/wiki/Virology
https://en.wikipedia.org/wiki/Graphical_user_interface
https://en.wikipedia.org/wiki/Computer_programming
https://en.wikipedia.org/wiki/Command-line_interface
https://en.wikipedia.org/wiki/Multi-core_processor
https://en.wikipedia.org/wiki/Graphics_processing_unit
https://en.wikipedia.org/wiki/High-level_programming_language
https://en.wikipedia.org/wiki/General-purpose_programming_language
https://en.wikipedia.org/wiki/Code_readability
https://en.wikipedia.org/wiki/Off-side_rule
https://en.wikipedia.org/wiki/Language_construct
https://en.wikipedia.org/wiki/Object-oriented_programming
https://en.wikipedia.org/wiki/Programmers
https://en.wikipedia.org/wiki/Type_system#DYNAMIC
https://en.wikipedia.org/wiki/Garbage_collection_(computer_science)
https://en.wikipedia.org/wiki/Programming_paradigm
https://en.wikipedia.org/wiki/Structured_programming
https://en.wikipedia.org/wiki/Procedural_programming
https://en.wikipedia.org/wiki/Functional_programming
https://en.wikipedia.org/wiki/Standard_library
https://en.wikipedia.org/wiki/Guido_van_Rossum
https://en.wikipedia.org/wiki/ABC_(programming_language)
https://en.wikipedia.org/wiki/Python_(programming_language)#cite_note-33
https://en.wikipedia.org/wiki/List_comprehension
https://en.wikipedia.org/wiki/Cycle_detection
https://en.wikipedia.org/wiki/Reference_counting
https://en.wikipedia.org/wiki/Reference_counting
https://en.wikipedia.org/wiki/Unicode
https://en.wikipedia.org/wiki/Backward_compatibility
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                                             CHAPTER-2 

LITERATURE SURVEY 

2.1. REVIEW-LITERATURE WORK: 

 

2.1.1. What are STR: 

Short tandem repeat (STR) typing methods are widely used today for human identity 

testing applications including forensic DNA analysis Short Tandem Repeats 

composing strategies are broadly utilized today for human character testing 

applications including legal DNA examination. Following multiplex PCR 

enhancement, DNA tests containing the length-variation STR alleles are commonly 

isolated by slim electrophoresis and genotyped by correlation with an allelic stepping 

stool provided with a business unit.  

 

Short Tandem Repeats, which are here and there alluded to as microsatellites or 

straight forward succession rehashes , are accordion-like stretches of DNA 

containing centre recurrent units of somewhere in the range of two and seven 

nucleotides long that are tandem rehashed from roughly about six to a few dozen 

times . In spite of the fact that the human genome contains heaps of STR 

markers, just a little centre arrangement of loci has been chosen for use in legal 

DNA and human personality testing. Like utilizing solitary, normal cash from a 

monetary perspective, centre loci grant proportional hereditary data to be shared 

and thought about. Business packs are presently accessible to create DNA profiles 

containing these centre STR loci. A large number of STR profiles are created 

worldwide every year by government, college, and private research facilities 

performing different types of human character testing, including DNA data 

basing, measurable casework, missing people/mass fiasco casualty distinguishing 

proof, or parentage testing. 
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2.1.2. Why str: 

Short tandem repeats, also known as microsatellites or simple sequence repeats, 

are short tandem repeated DNA sequences that involve a repetitive unit of 1-6 BP , 

forming series with lengths of up to 100 nucleotides . STRs are widely found in 

prokaryotes and eukaryotes, including humans. They appear scattered more or less 

evenly throughout the human genome, accounting for about 3% of the entire 

genome. However, their distribution within chromosomes is not quite uniform—they 

appear less frequently in subtelomeric regions. Most STRs are found in the non 

coding regions, while only about 8% locate in the coding regions. On the basis of 

different repeat units, STRs can be classified into different types. On the one hand, 

according to the length of the major repeat unit, STRs are classified into mono-, di-

, tri-, tetra-, penta-, and hexanucleotide repeats. The total number of each type 

decreases as the size of the repeat unit increases. The most common STRs in the 

human genome are dinucleotide repeats. On the other hand, according to the 

repeat structure, STRs are classified into perfect repeats, containing only one 

repetitive unit, and imperfect repeats , consisting of different composition 

repeats. . 

These proteins are not necessary for the viability of the bacteria, but they can help 

bacteria to evade the human immune system. Some STRs may take part in 

regulating the transcription. From yeasts to humans, many proteins involved in 

transcriptional regulation contain glutamine-rich domains and trinucleotide repeats 

encoding series of polyglutamine. Moreover, researches have shown that some 

STRs can regulate the transcription of the epidermal growth factor gene, the tyrosine 

hydroxyls gene, and the PIG3 gene. 

 

2.1.3. Study on python forensics: 

Python is a general-purpose programming language with easy, readable code that 
can be easily understood by both professional developers as well as novice 
programmers. Python comprises of many useful libraries that can be used with any 
stack framework. Many laboratories rely on Python to build basic models for 
predictions and to run experiments. It also helps to control critical operational 
systems. 

Python has built-in capabilities to support digital investigation and protect the 
integrity of evidence during an investigation. In this tutorial, we will explain the 
fundamental concepts of applying Python in digital or computation forensics. 
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2.1.4. What is computational forensics: 

Computational Forensics is an emerging research domain. It deals with solving 
forensic problems using digital methods. It uses computational science to study 
digital evidence. 

Computation Forensics includes a broad range of subjects which has objects, 
substances, and processes investigated, mainly based on pattern evidence, such 
as toolmarks, fingerprints, shoeprints, documents etc., and also includes 
physiological and behavioral patterns, DNA, and digital evidence at crime scenes. 

The following diagram shows the broad range of subjects covered under 
Computational Forensics. 

 

 

 

                                                             Figure - 2.2 

 

 

Computational forensics is implemented with the help of some algorithms. These 
algorithms are used for signal and image processing, computer vision and 
graphics. It also includes data mining, machine learning, and robotics. 

Computational forensics involves diverse digital methods. The best solution to ease 
all digital methods in forensics is to use a general-purpose programming language 
like Python. 
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CHAPTER-3 

AIM AND OBJECTIVES 

OBJECTIVE: 

Understanding and analysing STRS on the Y chromosome in forensic crime solving using 

UNIPRO UGENE and also with the help of BIOPYTHON AND C PROGRAMS. 

 

 

Listed are the prominent objectives of the study: 

• To study all the short tandem repeats in the y chromosome. 

• To study STR  dataset – international as well as national. 

• To create a worksheet based on the STR database. 

• To work-on finding the repeats of STR using bio python and c program. 

• To work-on UNIPRO UGENE DATABASE  the given dataset. 

• To analyze the MARKERS IN Y CHROMOSOME. 

• To execute and find the STR using PYTHON code. 

• To run the c program in c compiler using the Program.  
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CHAPTER-4 

METHODOLOGY 

 

4.1. SHORT TANDEM REPEATS IN FORENSICS DATABASES USED  

4.1.1.UNIPRO UGENE: 

Unipro UGENE is a multiplatform open-source software with the main goal of 

assisting molecular biologists without much expertise in bioinformatics to manage, 

analyze and visualize their data. UGENE integrates widely used bioinformatics tools 

within a common user interface. The toolkit supports multiple biological data formats 

and allows the retrieval of data from remote data sources. It provides visualization 

modules for biological objects such as annotated genome sequences, Next 

Generation Sequencing (NGS) assembly data, multiple sequence alignments, 

phylogenetic trees and 3D structures. Most of the integrated algorithms are tuned 

for maximum performance by the usage of multithreading and special processor 

instructions. UGENE includes a visual environment for creating reusable workflows 

that can be launched on local resources or in a High Performance Computing (HPC) 

environment. UGENE is written in C++ using the Qt framework. The built-in plugin 

system and structured UGENE API make it possible to extend the toolkit with new 

functionality. Figure – 4.1 shows the source of the dataset. 
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Figure – 4.1: Source of the dataset 

work flow 

 

 

DATABASES: 

 STR DATA BASE 

◦ This database is an information resource for the forensic DNA typing 

community with details on commonly used short tandem repeat (STR) DNA 
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markers. STRBase consolidates and organizes the abundant literature on 

this subject to facilitate on-going efforts in DNA typing. 

THE TOOL IMPORTED WITH THE FILE AND ANALYSED 

 

 

Y chromosome 
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DATA COLLECTION 
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DATA COLLECTION FROM STR BASE 

 

REFERENCE: https://strbase.nist.gov/str_y385.htm 

 

https://strbase.nist.gov/str_y385.htm
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◦ Python forensics 

◦ Python is a general-purpose programming language with easy, readable 

code that can be easily understood by both professional developers as well 

as novice programmers. Python comprises of many useful libraries that can 

be used with any stack framework. Many laboratories rely on Python to 

build basic models for predictions and to run experiments. It also helps to 

control critical operational systems. 

◦ Python has built-in capabilities to support digital investigation and protect 

the integrity of evidence during an investigation. In this tutorial, we will 

explain the fundamental concepts of applying Python in digital or 

computation forensics. 

 

◦ What is Computational Forensics? 

◦ Computational Forensics is an emerging research domain. It deals with 

solving forensic problems using digital methods. It uses computational 

science to study digital evidence. 

◦ Computation Forensics includes a broad range of subjects which has 

objects, substances, and processes investigated, mainly based on pattern 

evidence, such as toolmarks, fingerprints, shoeprints, documents etc., and 

also includes physiological and behavioral patterns, DNA, and digital 

evidence at crime scenes. 
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SUMMARY AND CONCLUSION 

 

◦ Y chromosome markers are used to assist forensic investigations in a broad 

range of casework, either for rapid sexing of traces, for the identification and 

profiling of masked male DNA component(s) in mixtures with an excess of 

female DNA, for tracing male lineages in relationship testing or for analyzing 

the deep-rooting ancestry of unidentified corpses or unknown trace donors. 

Like any forensic DNA analysis, judging the significance of a match depends 

upon the population frequency of the profile. As has been discussed in this 

review, Y chromosomes are highly geographically structured and there is the 

further complication that all members of a patrilineage are expected to share 

Y haplotypes. The forensic community has been proactive in establishing 

large quality-assured and publicly accessible databases of Y-haplotypes to 

address these issues. The international cooperation in the YHRD project is a 

blueprint for collaboration and community building in the field of forensic 

genetics. 
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