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Abstract: The forensic application of mitochondrial DNA (mtDNA) recovered from dandruff sampled using different methods, 
such as nail clippings, combs, hairbrushes, pillowcases, and clothes, is investigated here. Though sometimes neglected in 
forensic investigations, dandruff holds nucleated cells that contain useful genetic information. This paper seeks to develop a 
successful and effective means of recovering mtDNA from dandruff, particularly in instances where traditional sources of DNA 
are not available or are deteriorated.Dandruff samples were also obtained from volunteers by employing a variety of non-
invasive approaches: nail clippings accompanied by attached dandruff, hairbrushes, combs, pillowcase, and apparel. mtDNA 
was isolated through a commercial kit for DNA isolation, and detection was done with the help of gel electrophoresis. For 
confirmation of accuracy and reliability of the extracted DNA, quantitative analysis was carried out to determine DNA yield, 
while Polymerase Chain Reaction (PCR) amplification and sequencing was carried out to check mtDNA quality and purity. The 
results confirmed successful mtDNA extraction, where high-quality sequences were applicable for forensic use.The study 
confirms that dandruff is a suitable and easily accessible source of DNA for forensic analysis. Its ability to be easily collected 
from personal items without contact makes it particularly useful in circumstances where traditional DNA samples are 
unavailable. The method can be applied to aid crime scene investigations, suspect identification, cold case solution, mass disaster 
victim identification, and DNA degradation research.Also to be considered are ethical concerns surrounding consent and 
privacy, as dandruff naturally flakes off and can be sampled without the knowledge of the individual. The current study presents 
dandruff as a significant and useful forensic source of DNA and calls for future research that would allow the implementation 
of this method in forensic analysis. 
Keywords: DNA extraction, PCR, electrophoresis, forensic genetics, mtDNA, dandruff, and nail clippings 
 

I. INTRODUCTION 
A. Overview 
The mitochondria is present in cell in abundant amount, as we know that the function of mitochondria is to provide energy to cell 
for biological activities, however there are more than that. In aspect of Forensic Science, Genetics the mitochondria has significant 
role here. If we trace back very far to the beginning of mitochondria researches have established that the mitochondria was a 
bacterial cell engulfed by the eukaryotic cell but wasn't digested and the symbiotic relationship began there. The human 
mitochondrial DNA (mtDNA) is a 16 569 bp double-stranded circular molecule and includes 37 genes encoding two rRNAs, 22 
tRNAs and 13 polypeptides.Human mitochondrial DNA has many uses i.e. missing person identity, war or disaster victim 
identification, maternal inheritance cases, government databases etc. In comparison to nuclear DNA(nDNA) mitochondrial 
DNA(mtDNA) is present in abundant amount however that’s not only benefit but mtDNA can sustain in harsh environment 
conditions also for sample which are exposed for too long can also be useful for mtDNA analysis unlike nDNA which degraded 
gradually as passage of time.  
Traditionally blood, saliva, semen these biological fluids are used as primary sources for DNA analysis in Forensic investigations 
however dandruff can also be used as a source for DNA analysis,, is a flaky skin that sheds from scalp. However dandruff hasn’t 
been thoroughly studied in forensic science due to its readily availability at any particular crime scene. Nonetheless the use of 
dandruff as a primary source of DNA has potential advantages which includes that dandruff is less invasive and easily accessible 
than that of traditional biological fluids/evidences. Dandruff also contains Higher quantity of DNA than any other biological 
evidences, helps in obtaining complete DNA Profile of an individual from small quantity of evidence. There aren't many organic 
extraction procedures or kit-based techniques specialized for dandruff analysis, even though it has the highest quality genetic 
materials. Nevertheless, we still receive the best results from this kit-based practical. 
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B. Mitochondria 
Due to their primary involvement in energy generation through oxidative phosphorylation, the mitochondrion is regarded as an 
indispensable organelle frequently referred to as the powerhouse of the cell.  More significantly, mitochondria are now understood 
to contribute heavily to several functions of a cellular nature such as metabolic signalling, calcium homeostasis, and apoptosis.  
Recent discoveries now give an explanation of how dynamics and function characterize the relationships that exist both towards 
health and illness. 
 
1) Mitochondrial features 
 Copy Number: Many hundreds to thousands of mitochondria per cell each with many thousands of copies of mtDNA allowing 

it to more readily be extracted from old, degraded samples that may not easily yield nuclear DNA with only two copies per cell. 
 Maternal Inheritance: mtDNA is transmitted from the mother only, and it is hence feasible to trace maternal lineage. It is of the 

greatest use in identifications involving missing persons or mass catastrophes where relationship can be demonstrated by 
maternal family relationship 

 Lack of Recombination: mtDNA does not undergo recombination in reproduction like nuclear DNA. This stability allows for a 
consistent lineage but it can restrain at some extent the identification of an individual as relatives share the same mtDNA 
sequence. 

 High Mutation Rate: mtDNA has a quite high mutation rate in comparisn to nuclear DNA. This characteristic can be utilized in 
determine between close relatives, such as monozygotic twins, by identifying individual mutations or SNPs. 

 
2) Forensic Significance of mitochondria  
 Identification of Degraded Samples: mtDNA is of tremendous value in forensic investigations with very degraded biological 

materials like bones, teeth, and hair. Through mtDNA, scientists have the power of obtaining it regardless of missing nuclear 
DNA. 

 Mass Disaster Victim Identification: Since mtDNA offers genetic data from compromised samples, its examination is widely 
utilized in disaster victim identification (DVI). 

 Exoneration Cases: Defence lawyers increasingly use mtDNA testing to reverse convictions based on weak or degraded 
evidence, thereby facilitating the exoneration of innocent individuals. 

 Studies in History and Archaeology: Apart from criminal cases, mtDNA has been utilized to analyse ancient human remains and 
historical artefacts, thereby shedding light on ancestry and population genetics. 

 
C. Mitochondrial DNA or mtDNA 
Mitochondrial DNA (mtDNA) is immensely useful in forensic science, particularly in degraded biological samples where nuclear 
DNA is not viable. Its intrinsic features make it enormously useful for the identification of human individuals in various forensic 
applications. 
 
Key Features of Mitochondrial DNA in Forensics 
1) High Copy Number: There is copious amount of mitochondria in every cell of human body whether it is blood cells, skin cells, 

calciferous tissues etc and it is compared to two copies of nuclear DNA. This copiousness makes successful analysis from 
deteriorated sources like bones, teeth, and hair possible. 

2) Matrilineal Inheritance: mtDNA is only passed down from the mother to the offspring, so maternal family members will share 
identical mtDNA sequences. This characteristic enables forensic analysts to make comparison using reference samples obtained 
from maternal relatives, especially for application in missing persons cases and mass disaster recoveries. 

3) Resistance to Degradation: mtDNA may be retrieved from environmental degradation-exposed samples, thus providing a solid 
source of genetic data when nuclear DNA has degraded. 

4) How Mitochondrial DNA is different from nuclear DNA? 
5) Mitochondrial DNA and nuclear DNA are major organelles pf eukaryotic cells, both having unique structures, functions and 

characteristics. These are mentioned below :  
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a) Location and Structure  
Mitochondrial DNA is found inside the mitochondria, which are organelles that are present in the cell which is responsible to 
generate energy. It is a circular molecule and contains about 16,569 base pairs, coding for 37 genes, of which 13 are proteins 
necessary for mitochondrial function, 22 tRNAs, and 2 rRNAs. 
Nuclear DNA however, is located in the cell centre or nucleus and is arranged as linear chromosomes. The human nuclear genome 
contains approximately 3 billion base pairs that code for 20,000 to 25,000 genes responsible for a vast array of cellular processes. 
 
b) Inheritance Patterns  
mtDNA is passed on solely from the mother (maternal inheritance), since sperm mitochondria are normally destroyed and 
disintegrated following fertilization. This leads to a haploid genome that does not recombine. Therefore it is utilized in cases of 
maternal inheritance in forensic science. 
Whether, nDNA is inherited from both parents (biparental inheritance) and is diploid, consisting of two copies of each chromosome. 
It recombines during meiosis, which is responsible for genetic variation among offspring. 
 
c) Genetic Characteristics 
 Mutation Rates: mtDNA is more mutable than nDNA. This increased rate is contributed to, in part, by its closeness to reactive 

oxygen species produced during mitochondrial ATP production. 
 Gene Expression: Transcription of mtDNA is polycistronic (several genes per mRNA), whereas transcription of nDNA is 

monocistronic (one gene per mRNA) and conforms to the universal codon usage rule. 
 Histone Packaging: mtDNA does not have anything to do with histone proteins, which play a vital role in packaging of nDNA 

as chromatin bodies inside the nucleus. This contrasts with the mode of regulation and expression of both types of DNA. 
 
d) Functional Implications 
Mitochondrial DNA chiefly contains genes essential for oxidative phosphorylation and metabolism of energy. Nuclear DNA 
contains a wider spectrum of proteins used in numerous cell processes such as development, cell cycle control, and adaptation to 
environmental changes. 
Presence of nuclear-embedded mitochondrial sequences (NUMTs) reflects past exchanges of mtDNA into the nucleus, an aspect of 
evolutionary specialization and communication between these two genomic systems. 
Such differences illustrate how mitochondrial and nuclear DNA complementarily contribute to cell function and transmission. The 
insights from such distinctions are vital in areas like genetics, evolutionary biology, and medicine. 
 
D. Dandruff 
Development of Dandruff The primary cause of dandruff is due to an overgrowth of a yeast-like fungus known as Malassezia, which 
exists naturally on the scalp. The fungus is sustained by the oil secreted by the skin. If it is in its favor to overgrow—such as with 
more secretion of oil or irritation of the skin—it may establish an inflammatory cycle and over-shedding of skin cells. In individuals 
with dandruff, skin cells that would normally take about 28 days to develop and then fall off might be replaced every 2 to 7 days, 
resulting in visible flakes. But individuals having sensitive skin and recurring dry skin also experience such issues as dandruff and 
itching of scalp. 
Dandruff is a scalp infection that results in small flakes of dead skin to shed, and itching and reddening.  Dandruff is usually non-
contagious and harmless but embarrassing to most individuals.  Formation of Dandruff  The yeast fungus Malassezia, which forms 
naturally on the scalp, has been considered as the primary cause of dandruff. The fungus feeds on the oils secreted by the skin.  
Also, most people have dry scalps, which are due to dead skin cells and help in forming dandruff. 
Benefits of Utilizing Dandruff in Forensic Science 
1) Non-Invasive Sampling: Dandruff is readily collected from people or personal belongings, a less invasive method than using 

blood or saliva samples. 
2) Stability and Resistance to Degradation: Dandruff is more stable and less prone to degradation than most biological samples, as 

it is vital to preserve DNA integrity over time. 
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3) Higher DNA Density: It was found through experiments that dandruff has a higher human DNA concentration, hence a higher 
possibility of a full DNA profile being obtained. With 30 to 40 ng of DNA enough, one could obtain DNA from as low as 1.0 to 
1.5 mg of dandruff. 

 
E. Sources of DNA evidence 
DNA evidence is a major component of forensic science, with verifiable means of identifying criminals involved in criminal cases. 
There are various biological fluids that can be sources of DNA evidence and have varied types and quantities of DNA recoverable to 
be analyzed. 
Sources of DNA Evidence 
1) Whole Blood: It is one of the most commonly used sources and contains high concentrations of nucleated cells, thus ideal for 

DNA profiling. The blood can be preserved with anticoagulants and kept under refrigeration for later analysis. 
2) Saliva: This bodily fluid can be taken on several surfaces or even directly from the individuals themselves. Saliva contains 

sufficient DNA, whose concentration is about 5,000 ng/mL. 
3) Semen: Particularly beneficial in the instance of sexual assault, semen is a densely packed DNA source that is normally found 

to contain up to 250,000 ng/mL. 
4) Urine: Less commonly used due to decreased DNA content (1-20 ng/mL), urine may serve as a source where other sources 

cannot be accessed. 
5) Other Biological Sources: They include swabs from the vagina, postcoital samples, and also bite injuries where they have 

saliva. All these samples can provide invaluable DNA evidence in forensic investigations. This can be used to identify offenders 
by performing DNA profiling but not always to find offenders but to identify victims of mass disaster, paternity cases, 
government records etc. 

 
F. Traditional sources of DNA vs Dandruff as non invasive source of DNA 
In contrast to more conventional sources like blood and saliva, dandruff has become a novel form of DNA evidence in forensic 
research, with both benefits and drawbacks. Conventional DNA Evidence Sources Typical Sources: Blood is a good source for DNA 
extraction since it is incredibly dependable and rich in nucleated cells. Although saliva contains nucleated cells, it may not recover 
as well as blood. Although they provide high-quality DNA, tissues and organs are frequently more invasive to get. Hair: Helpful if 
there is a follicle, although the quality of the DNA varies greatly. 
Benefits of Conventional Sources: established techniques for analysis and extraction. It is possible to acquire high-quality DNA 
profiles, which are essential for identification in criminal instances. 
 
Benefits of Using Dandruff as a DNA Evidence Source 
1) Accessibility: Dandruff is easy to gather from people without their active participation because it is non-invasive.  
2) Stability: DNA purity can be preserved for a longer period of time because dandruff is less prone to deterioration than other 

biological materials. Dandruff may have a larger concentration of human DNA than other biological materials, according to 
studies, which increases the possibility of getting a full profile. 

 
G. DNA Extraction methods from keratinized cells/tissues 
For DNA extraction from keratinized tissues and cells, there are conventional techniques as well as kit-based approaches available 
conventional techniques take good amount of time and efforts but kit-based approaches are way more convenient and practical and 
works fine for time limitations 
DNA recovery from keratinized cells, including hair shafts, nails, dandruff and stratum corneum of the skin, needs specific 
techniques to degrade the rigid keratin matrix and liberate nucleic acids. The main techniques and aspects for DNA isolation from 
these robust cellular structures are listed below: 
Chemical Digestion with Reducing Agents 
A variation of the phenol-chloroform technique employing dithiothreitol (DTT) and proteinase K works well to dissolve keratinized 
material such as hair shafts. Important steps are: 
Digestion Buffer: Mixes DTT (powerful reducing agent to cleave disulphide bonds in keratin), SDS (anionic detergent), and 
proteinase K (to break down proteins). 
Incubation: Incubate at 56–60°C for a long period of time (up to 4 hours) to completely dissolve the hair or keratinized tissue. 
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Organic Extraction: Phenol-chloroform-isoamyl alcohol extracts proteins and cellular waste, and then ethanol precipitation to purify 
DNA. 
This process provides PCR-ready DNA appropriate for mitochondrial or nuclear targets, although purity of the DNA can be variable 
compared to blood samples. 
Kit-based methods for DNA extraction from dandruff include the utilization of commercially purchased DNA extraction kits that are 
specifically formulated for biological samples like skin flakes, hair, and buccal cells. These kits simplify the process by offering pre-
formulated buffers, enzymes, and columns or beads for DNA purification. 
 
H. DNA Quality and Quantity check 
To preserve the integrity and viability of DNA samples for analysis, quantitation and quality control (QC) are critical processes. The 
following is a step-by-step description of methods utilized for determining DNA quality and quantity. 
DNA Quality Control (QC) 
Purpose of DNA QC: 
Integrity: 
Ensures that the DNA remains whole and not fragmented, which is important for applications downstream, such as sequencing. 
 
Purity: 
Verifies against contamination by proteins, RNA, or other organic solvents that may influence results. 
 
Methods of DNA QC: 
Gel Electrophoresis: 
Unrestricted or pulse-field gel electrophoresis (PFGE) can be employed to determine the size and integrity of genomic DNA. 
Ordinary gel electrophoresis gives an overall sense of integrity but might not properly represent the size of high molecular weight 
DNA. 
 
Spectrophotometry: 
DNA purity can be determined through absorbance measurements at 260 nm and 280 nm. The ratio260/A280can be used to estimate 
purity. A260/A280should be between 1.7 and 1.9 for pure DNA.This technique can signal contamination; e.g., a ratio well above 1.8 
can indicate RNA contamination. 
 
I. UV-VIS Spectrophotometer 
Principles of UV-Visible (UV-Vis) spectrophotometry 
Ultraviolet and Visible absorption spectrophotometry is the method founded on attenuation of electromagnetic radiation 
measurement by an absorber [9]. Such radiation, has a spectral range roughly between 190–800 nm, which also vary in terms of 
energy ranges, and mode of excitation from other allied regions (Table 1). This attenuation is caused by the reflection, scattering, 
absorption or interferences. Nonetheless, precise measurements of the attenuation can be accomplished recording. 
Instrumentation Components In order to measure how much light a sample absorbs, a UV-Vis spectrophotometer is made up of 
many main components that cooperate. The following are:  
1) Light Source : Lighting Source To cover or illuminate both the visible and ultraviolet spectrum, the spectrophotometer needs a 

sufficiently stable high-intensity light source. Lamps that emit a continuous spectrum in both UV and visible ranges (190–400 
nm) and tungsten-halogen lamps (400–800 nm) are common sources.  

2) Entrance Slit : Slit at the Door The entrance slit controls the incident light beam's width and direction to provide uniform 
illumination for the monochromator. By doing this, stray light is reduced and resolution is improved. 

3) A monochromator A broad spectrum is emitted by the light source, which is separated into separate wavelengths by a 
monochromator.An entry slit, among them, is an entry slit.A dispersion device (e.g., prism or diffraction grating) let only the 
desired wavelength of light pass through an exit slit.The dispersion device separates different wavelengths and then passes the 
desired wavelength to the sample.  

4) The Cuvette or Sample Holder : A cuvette is generally employed to hold the sample, which can facilitate even light 
transmission.  The cuvette materials differ based on their application: glass or plastic cuvettes (visible range), quartz cuvettes 
(UV range).  While cuvette lengths differ based on application, the default is 1 cm. 
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5) Detectors 
The role of a UV-Vis detector is to transform an electric signal from a light signal. Ideally, it should respond over a broad 
wavelength range, respond sensitively but with little noise, with a linear range of response, respond quickly, enable miniaturization 
and a low sample consumption. In attempting an ideal detector, numerous detectors, subsequently described, have been made in 
recent years. 
A data acquisition system processes the electrical signal from the detector and converts it into a transmittance or absorbance 
measurement. Uses UV-Vis spectrophotometry is used extensively in both industrial and scientific activities, including: 
Identification and measurement of chemical compounds is known as chemical analysis. Assays for protein, DNA, and enzyme 
activity in biochemistry and the biological sciences Pharmaceutical analysis, including quality control and drug formulation, 
Environmental science: tracking air and water pollutants, and Material science:Characterization of thin films, coatings, and 
nanoparticles. 
For research on molecule absorption in the ultraviolet and visible spectrums, UV-Vis spectrophotometry is a dependable analytical 
technique.  The method applies the Beer-Lambert Law and principles of light-matter interaction to give precise and dependable 
measurements for numerous research and commercial uses.  It is a fundamental technique in current-day analytical laboratories 
because it is easy, sensitive, and versatile. 
 
J. Polymerase Chain Reaction  
PCR amplification finds significance in the recovery and analysis of mitochondrial DNA (mtDNA) from keratinized tissues such as 
dandruff and hair shafts. It is challenging to analyze keratinized cells for DNA due to the presence of trace quantities of DNA and 
inhibitors. However, owing to the high number of copies and stability of mtDNA, it is a significant target under such circumstances. 
 
1) PCR Amplification in mtDNA Isolation from Keratinized Tissues: 
 Microdissection and Analytical PCR: It entails individualizing certain portions of keratinized tissues followed by PCR 

amplification for the analysis of mtDNA. It is especially handy when working with trace amounts of DNA characteristic of such 
samples. 

 Quantitative PCR (qPCR): qPCR is used to quantify and detect mtDNA damage and copy number variations in keratinized 
cells. qPCR is sensitive enough to detect without the necessity of mitochondrial isolation. 

 Long-Range PCR: Long-Range PCR is used to evaluate mtDNA integrity by amplifying larger DNA fragments, which gives 
information on possible damage in the mitochondrial genome. 

 Direct PCR Amplification: Direct PCR amplification from difficult samples, e.g., touch DNA, is made possible by certain 
protocols without pre-extraction of DNA. It can be used for keratinized tissues as well to make the analysis more efficient. 

 
2) Challenges and Considerations: 
Keratinized tissues present certain challenges because of the presence of inhibitors such as melanin, which can influence the 
efficiency of PCR. It is essential to optimize DNA extraction techniques and use the right DNA polymerases to maximize 
amplification success rates. 
In conclusion PCR amplification is part and parcel of mtDNA extraction and analysis in keratinized tissues. Using specialized 
techniques and overcoming inherent challenges can enhance the validity of results in forensic and research contexts. 
 
K. Gel Electrophoresis 
Electrophoresis in Gel Overview A popular laboratory method for separating, visualizing, and analyzing proteins and nucleic acids 
(DNA and RNA) according to their size and charge is gel electrophoresis. Gel electrophoresis is essential for verifying the existence 
of retrieved mitochondrial DNA (mtDNA) and evaluating its quality and integrity in the context of mtDNA study from dandruff 
isolated from nail clippings. 
The Gel Electrophoresis Principle : The foundation of gel electrophoresis is the idea that when an electric field is applied, negatively 
charged DNA molecules flow across a gel matrix. The following factors determine how quickly DNA pieces move, DNA molecule 
size, Larger DNA molecules travel slowly, while smaller pieces travel farther and faster. 
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Gel concentration: Higher agarose concentrations provide higher resolution for smaller DNA fragments, whilst lower concentrations 
are ideal for bigger fragments. Electric field strength: Migration speed is influenced by the voltage across the gel, but too high a 
voltage might distort or overheat the gel. 
Different kinds of gel electrophoresis exist. These are as following 
1) Agarose gel electrophoresis is a popular molecular biology technique for separating nucleic acids, including mtDNA.  
2) PAGE, or polyacrylamide gel electrophoresis, It is typically used to assess tiny proteins or DNA because of its higher 

resolution. The most effective method for assessing mtDNA is agarose gel electrophoresis. 
Materials and Reagents 
 Agarose powder is utilized to prepare the matrix gel or casting gel in which the sample is placed and that is utilized to separate 

DNA. 
 An electrophoresis buffer, for this we have Tris-Acetate-EDTA (TAE) or Tris-Borate-EDTA (TBE) buffer is utilized to provide 

pH and ionic strength.  
 Intercalating dye Ethidium Bromide (EtBr) or SYBR Safe dye can be employed to visualize DNA under UV light. Handle EtBr 

dye carefully due to its extremely carcinogenic nature always wear gloves and lab glasses, mask and apron.  
 The DNA ladder (molecular weight marker) is a reference for the estimation of fragment size. The ladder is not required if the 

goal is to only visualize the DNA loading dye and density reagent :  to enhance loading by providing color contrast and 
enhanced sample density, since loading dye Bromophenolblue may be utilized other dyes may be xylene cyanol, orange G, and 
cresol red and to increase sample so that it won't get confused in buffer glycerol may be utilized in volume of 10%/volume of 
sample.  

 The power supply and electrophoresis chamber supply the electric field to allow for DNA migration.   
 A Gel Documentation System or UV transilluminator can be employed to locate and photograph stained DNA. 
 

II. MATERIALS AND REQUIREMENTS 
A. Materials 
The following materials and equipment were utilized in this research: 
1) Reagents and Kits 
 Commercial DNA Extraction Kit 
 Lysis buffer (included in the kit) 
 Ethanol (used in washing steps in extraction) 
 Elution buffer (used for final recovery of DNA) 
 Agarose powder (used in gel electrophoresis) 
 Ethidium bromide or SYBR Safe stain (used for visualization of DNA) 
 1X TAE (Tris-Acetate-EDTA) buffer (used in running the gel) 
 
2) Equipment 
 Microcentrifuge 
 Vortex mixer 
 Water bath/incubator (utilized in lysis step) 
 Gel electrophoresis system 
 UV transilluminator or Gel Documentation System 
 Micropipettes and sterile filter tips 
 Sterile microcentrifuge tubes 
 PCR unit 
 Thermocycler 
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1) Sara, dua. MicroBites, 3 April 2024. "Dandruff as Explained by Forensic Science." According to Sara Dua's article "Dandruff as 
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pp. 131–139 in Forensic Science International: Genetics, vol. 18, 2015. The authors of the paper "Mitochondrial DNA 
Heteroplasmy in the Emerging Field of Massively Parallel Sequencing," talk about how massively parallel sequencing (MPS) 
technologies have improved the analysis of mitochondrial DNA (mtDNA). They point out that although mtDNA typing has 
long been a useful technique in forensic genetics, newer studies suggest that forensic casework can benefit from examining the 
complete mitochondrial genome. MPS techniques have improved the precision and resolution of mtDNA analysis by making 
full mtGenome sequencing of forensic specimens both practical and affordable. 
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9) According to Julia Szendroedi and colleagues, "The Role of Mitochondria in Insulin Resistance and Type 2 Diabetes Mellitus." 
92–103 in Nature Reviews Endocrinology, vol. 8, no. 2, 2011. According to Julia Szendroedi and colleagues' analysis in "The 
Role of Mitochondria in Insulin Resistance and Type 2 Diabetes Mellitus," mitochondrial dysfunction plays a part in metabolic 
disorders. They note that people with Type 2 diabetes mellitus (T2DM) frequently have lower levels of mitochondria in their 
liver cells and skeletal muscle, as well as a decreased ability to oxidatively phosphorylate. The study makes a distinction 
between hereditary insulin resistance, which is linked to a decrease in mitochondrial content, and acquired insulin resistance, 
which is linked to a limited ability of the mitochondria to adapt. The authors also point out that certain (pre)diabetic patients 
may have improved insulin sensitivity as a result of lifestyle and medication changes that improve mitochondrial activity. 

10) An article by Laura L. Clay Montier and colleagues titled "Interactions between Nuclear and Mitochondrial DNA in 
Mammalian Cells: Functional Implications."  Vol. 10, no. 5, pp. 414–419, Mitochondrion, 2010. According to Laura L. Clay 
Montier and associates' paper "Interactions between Nuclear and Mitochondrial DNA in Mammalian Cells: Functional 
Implications," nuclear DNA (nDNA) and mitochondrial DNA (mtDNA) in mammalian cells are interdependent. They point out 
that most mitochondrial proteins are encoded by nuclear genes, made in the cytosol, and transported into mitochondria even 
though mitochondria have their own genome.To preserve cellular energy production and general function, this calls for exact 
coordination between the two genomes. Numerous illnesses, like as metabolic and degenerative problems, might result from 
disruptions in this connection. 

11) Yohko Yamada et al. "Comparison of Different Methods for Extraction of Mitochondrial DNA from Human Pathogenic 
Yeasts." pp. 122–125 in Japanese Journal of Infectious Diseases, vol. 55, no. 4, 2002. examined several techniques for 
removing mitochondrial DNA (mtDNA) from harmful yeasts, with an emphasis on chemical treatments, mechanical disruption, 
and enzymatic lysis.  According to their research, specific extraction methods produce more pure and substantial amounts of 
mtDNA, which are necessary for precise genetic study of these yeasts. 

12) Hanna Andréasson and colleagues, "Real-Time DNA Quantification of Nuclear and Mitochondrial DNA in Forensic Analysis." 
pp. 402–404, 407–411 in Biotechniques, vol. 33, no. 2, 2002, developed a real-time TaqMan assay to quantify nuclear and 
mitochondrial DNA in forensic samples, enhancing sensitivity and accuracy in analyzing degraded or minimal DNA quantities. 

13) In 1998, Herber and colleagues published "DNA Typing of Human Dandruff." Journal of Forensic Sciences, vol. 43, no. 3, pp. 
648–652. In "DNA Typing of Human Dandruff," B. Herber and associates explore the possibility of using dandruff as a DNA 
source for forensic purposes. Nucleated cells were discovered to be present in dandruff particles, which are mainly made up of 
corneocytes, but partially broken down by epidermal differentiation processes. The study used a variety of short tandem repeat 
(STR) polymorphisms to evaluate samples from two criminal cases and 35 individuals. Surprisingly, 90% of the samples passed 
DNA genotyping, suggesting that dandruff can be a reliable source of DNA for forensic analysis. 

14) Pages. 268–272 in "Forensic Applications of Mitochondrial DNA." Trends in Biotechnology, vol. 16, no. 7, 1998, the 
polymorphic character and maternal inheritance of mitochondrial DNA (mtDNA) make it useful in forensic investigations. 
They emphasize how well it works to find missing people, victims of war, those involved in large-scale disasters, and people 
implicated in criminal cases. DNA-sequence information is still required to confirm a match, even though a number of 
screening techniques have been developed to lessen the requirement to sequence samples that do not match. 

15) "Forensic Use of Human Mitochondrial DNA: A Review." Analysis of the Brazilian Academy of Sciences, vol. 96, no. 4, 2024. 
Forensic science relies heavily on mitochondrial DNA (mtDNA) analysis, particularly in cases when nuclear DNA is scarce or 
damaged. For identifying human remains and examining contaminated materials, its high copy number per cell and maternal 
inheritance make it indispensable. The identification of the Romanov family and the victims of the tyranny in Guatemala are 
notable examples of applications.By facilitating thorough sequencing and the identification of heteroplasmy, advances in 
sequencing technologies like Next-Generation Sequencing (NGS) have improved mtDNA analysis. But problems like 
heteroplasmy interpretation and nuclear mitochondrial DNA segments (NUMTs) still exist, hence strong criteria are needed to 
guarantee trustworthy forensic applications. 

 
IV. METHODOLOGY 

Kit based techniques are also used to isolate DNA from dandruff. 
Methodology: Mitochondrial DNA Isolation and Visualization from Dandruff on gel electrophoresis and amplification using PCR 
and sequencing.  
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A. Sample Collection and Preparation 
Dandruff samples were collected by nail clippin, comb, pillow case etc of the volunteers, volunteers were asked to scratch the nails, 
comb their scalp gently with sterile comb and also sterility measures where taken by askin them tto sterilise their hands were 
sterilized by 70% ethanol or commercially available sanitizers, they were asked to scrach gently their scalp and dandruff is trapped 
in nail clippings were clipped, and same for comb and nails as well as combs and dandruff flakes collected from pillow case were 
stored in sterile paper bag, after sample collection dandruff is scraped from the nail clippings and stored in sterile 2.0 mL 
microcentrifuge tubes and stored at -17°C until processing. The samples ranged from approximately 10 mg per sample and visually 
inspected for dust and scalp debris contamination prior to DNA extraction. Pre-washing was omitted in processing to ensure 
maximum recovery of DNA. 
 
B. DNA Extraction Protocol 
DNA was extracted according to a tissue DNA extraction protocol modified for use with dandruff samples. The process proceeded 
as follows: 
 
1) Digestion 
All the samples were resuspended using 180 µL Resuspension Bufferand 20 µL Proteinase K (20 mg/mL). 
Suspension was vortexed and incubated in a water bath at 55°C for 4 hours for complete digestion of cell material. 
Samples were just vortexed to homogenize after digestion. 
 
2) Lysis 
200 µL of Lysis Solution was added to the samples. 
The samples were vortexed for 15 seconds and heated at 70°C for 10 minutes to lyse the cell membrane and release DNA. 
 
3) Binding to Spin Colum 
200 µL of 96-100% ethanol was added to the lysate to facilitate DNA binding. 
The whole lysate was transferred to a Miniprep Spin Column in a 2.0 mL collection tube. 
The column was centrifuged at 10,000 rpm for 1 minute and discarded flow-through. 
 
4) Washing Steps 
The column was washed twice to remove impurities: 
 Prewash: 500 µL diluted Prewash Solution was added and then centrifuged at 10,000 rpm for 1 minute. 
 Wash: Add 500 µL diluted Wash Solution  and centrifuge at 13,000 rpm for 3 minutes to dry the column. 
 Centrifuge the empty column for further 1 minute to remove any leftover ethanol. 
 
5) Elution of DNA 
Elution of the DNA, add 100 µL of Elution Buffer to the column directly. 
The column was incubated in room temperature (15-25°C) for 5 minute and spun at 10,000 rpm for 1 minute. 
A second elution with an additional 100 µL of Elution Buffer was performed to obtain maximum DNA yield. 
The eluate was then transferred into a new 2.0 mL microcentrifuge tube and stored at -17°C until the analysis, storage condition is 
must as a small error in handling will denture our samples. 
 
C. PCR amplification  
There is limited research on mtDNA extraction and analysis from dandruff samples. It does not give a clear PCR-based protocol for 
mtDNA extraction from dandruff samples. For thorough PCR protocols for keratinized tissues, you can refer to hair shaft and nail 
sample studies, which have similar biochemical characteristics to dandruff. 
Although there are few specific studies on the extraction of mitochondrial DNA (mtDNA) from dandruff, those involving 
keratinized tissues such as hair shafts and nails are of considerable interest to effective PCR-based techniques. Below are some 
relevant studies: 
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D. Preparation of Agarose Gel for Electrophoresis 
One percent agarose gel was prepared in order to observe the purified DNA: 
1) Preparation of Agarose Solution 
0.75 g of agarose powder was measured and dissolved in 75 mL of 1X TAE buffer, electrophoresis kit. The reagents are included in 
the kit. 
The solution was heated in 10-second intervals until dissolved completely. 
The solution cooled to around 50°C or until we can touch with bare hands, and ethidium bromide (EtBr) as staining reagent was 
added to a final concentration of 10.0 µg/mL. 
The gel was filled in a gel casting tray, the tray was sterilized by 70% ethanol, the gel became solid after a while. 
 
2) Electrophoresis Buffer 
New 1X TAE buffer was prepared to be used for gel run. 
 
E. Gel Electrophoresis for DNA Visualization 
1) Sample Preparation 
Loading Dye: Bromophenol blue was mixed with each DNA sample in a proportion of 1:5 for proper visualization in 
electrophoresis. 
Adding Glycerol: Since the samples would drain out of the wells, 20% glycerol was added to all the samples. 
 
2) Loading and Running the Gel 
The agarose gel was loaded and aligned inside the electrophoresis chamber, and 1X TAE buffer filled to the level at which the gel 
was submerged. 
Sample Loading: 
Individual samples (5-10 µL) were loaded separately into separate wells with care. 
The gel was loaded for 120V for 45-30 minutes until the half-way migration of the dye inside the gel.  
 
F. Visualization and analysis of DNA 
The gel was then placed upon a UV transilluminator to view bands of DNA upon electrophoresis.  
Presence or lack of DNA bands was recorded via gel documentation software.  
 
G. Troubleshooting and Interpretation 
No bands were suspected due to no bands, low concentration of DNA, degradation, problem of loading, or problem of 
electrophoresis. 
Faint or smeared bands indicated suboptimal extraction, inadequate staining, or degraded DNA as the probable causes. 
 

V. RESULTS, EXPECTED OUTCOMES AND HYPOTHESIS 
A. Results  
Overview of this study's main goals were to ascertain whether extractable mitochondrial DNA (mtDNA) is present in dandruff made 
from nail clippings and to assess how well a kit-based DNA extraction technique works. To verify that genetic material was present, 
the collected DNA was examined using gel electrophoresis. With only one sample displaying a discernible DNA band and no DNA 
ladder for size comparison, the data, however, show notable variability in DNA recovery. 
 
B. Hypothesis 
The research relies on the hypothesis that mitochondrial DNA (mtDNA) can be effectively isolated from dandruff collected from 
nail clippings through a kit-based method, and the isolated DNA can be identified through gel electrophoresis. As dandruff is 
composed of shed epidermal cells that could contain both mitochondrial and nuclear DNA, it would be anticipated that there would 
be an adequate amount of DNA to be analysed by forensic means. 
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Expected Outcomes 
1) Effective DNA Extraction from Dandruff 
It is expected that the DNA extraction protocol with a commercial kit will be able to provide detectable DNA from dandruff 
collected from nail clippings. 
Gel electrophoresis would verify the success of DNA extraction by showing visible bands, demonstrating effective extraction. 
 
2) Variability in DNA Yield 
As dandruff is an atypical forensic source of DNA, the yield of DNA recovered can differ greatly from sample to sample. 
Varying rates of shedding, dandruff mix, and efficiency of collecting dandruff may result in different concentrations of DNA. 
DNA yield may be less than that from blood, saliva, or buccal swabs but ideally remain quantifiable. 
 
3)  Difficulty in Verifying mtDNA Presence 
Although the DNA extracted should include mitochondrial DNA, gel electrophoresis itself is not sufficient to verify that the DNA 
extracted is strictly mtDNA or a combination of mitochondrial and nuclear DNA. 
Without PCR amplification with mtDNA-specific primers, the research cannot absolutely confirm that mtDNA is present in the 
sample. 
This limitation implies that even if DNA extraction is carried out successfully, its forensic applicability for mitochondrial DNA 
analysis is questionable. 
 
4) Forensic Potential of Dandruff as a DNA Source 
If DNA could be reliably isolated from dandruff, this argues in favor of dandruff as an effective, non-invasive source of DNA for 
forensic analysis. 
Although PCR and sequencing are not carried out here, the results can be used as a springboard for more advanced methodologies in 
the future for mtDNA profiling from dandruff. 
In forensic use, dandruff found at crime scenes or on personal items may yield useful genetic material for identification. 
 
5) Limitations that might Impact by the Results 
No DNase I treatment: The DNA extracted can have both nuclear and mitochondrial DNA, hence it is not easy to decide on the 
amount of mtDNA without additional testing. 
No PCR or sequencing: Without sequencing and amplification, there is no way to be certain that mtDNA specificity has been 
established, which constrains the study in making conclusions for sure regarding mitochondrial DNA presence. 
Reliance on gel electrophoresis: As gel electrophoresis only verifies the existence of total DNA but does not quantify mtDNA 
independently, its forensic value is uncertain. 
 
6) Wider Implications of the Study 
Despite its limitations, this study adds to the increasing interest in alternative, non-invasive forensic DNA sources. If dandruff 
routinely yields detectable DNA, it may stimulate additional forensic investigation into its applicability for crime scene analysis, 
missing persons investigations, and degraded sample analysis. 
The study may also motivate future research employing: 
PCR-based validation to establish mtDNA presence. 
Quantitative analysis (Nanodrop/Qubit) for accurate DNA yield quantification. 
DNase I treatment to isolate mtDNA from nuclear DNA. 
Comparative analysis of dandruff with other DNA sources 
 

VI. CHALLENGES AND LIMITATIONS OF RESEARCH 
All scientific research carries inherent limitations and challenges that influence its scope, accuracy, and applicability. Although this 
study effectively examines the extraction and occurrence of DNA from dandruff collected from nail clippings, various factors 
restrict its forensic value and general effectiveness. These limitations are occasioned by methodological limitations, absence of 
sophisticated validation methods, and the biological nature of dandruff as a DNA source. 
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A. Difficulties in Extracting DNA from Dandruff 
1) Differences in DNA Quality and Yield  
Dandruff is a shed skin fragment that does not always contain intact cells with nuclei or mitochondria, in contrast to more 
conventional forensic DNA sources like blood, saliva, or buccal swabs. Due to variations in people's rates of skin shedding, personal 
cleanliness practices, and exposure to the environment, the DNA yield may range considerably between samples. The amount of 
dead keratinized cells in different dandruff flakes may vary, which could affect the outcome of DNA extraction. DNA recovery 
success is not guaranteed for every sample because the extraction procedure is predicated on the idea that dandruff contains intact 
cells. 
 
2) Contamination Risks 
As dandruff is an outside shed material, it has a higher risk of environmental contamination with sweat, dust, bacteria, or other 
outside DNA sources. 
In sample gathering and processing, laboratory equipment, pipettes, or even the researcher's own DNA may cause cross-
contamination. 
Lacking rigorous contamination control, the recovered DNA may include outside contaminants, impacting the validity of results. 
 
3) Inability to Standardize Sample Collection 
Unlike body fluids, dandruff cannot be harvested entirely under controlled conditions. 
The quantity of dandruff picked up under nail clippings differs between individuals, resulting in variability in sample size. 
Standardized collection methods (e.g., by using sterile scalp scrapers or sticky tapes) would have enhanced the reproducibility of 
sample collection, but they were not employed in the study. 
 
B. Limitations in Methodology 
1) Lack of PCR-Based Validation 
The most striking limitation of the study is that it lacks Polymerase Chain Reaction (PCR) analysis. 
MtDNA-specific primer PCR amplification would have determined if the isolated DNA includes mitochondrial DNA. 
The study cannot tell nuclear DNA and mitochondrial DNA apart without PCR and hence cannot check if the isolated DNA is 
forensically useful for mtDNA analysis. 
PCR would also have enhanced the detection sensitivity, enabling the study to work with even small quantities of mtDNA. 
 
2) Reliance on Gel Electrophoresis for DNA Verification 
Gel electrophoresis was utilized to verify the existence of isolated DNA, but it has serious limitations: 
It gives only qualitative verification (presence or absence of DNA), but not precise quantification. 
It fails to distinguish between nuclear DNA and mitochondrial DNA. 
It is unable to verify the purity of isolated DNA (i.e., if it includes contaminants). 
A better method would have been qPCR (quantitative PCR) or sequencing, but these were not accessible for this research. 
 
3) No Application of DNase I Enzyme to Remove Nuclear DNA 
DNase I treatment is a proved technique to selectively break down nuclear DNA, with only mitochondrial DNA remaining. 
This important step was not carried out due to insufficient time and enzyme availability. 
Therefore, the isolated DNA can be a combination of nuclear and mitochondrial DNA, lowering the specificity of results of this 
study. 
 
4) No Quantitative DNA Measurement 
No fluorometric quantification methods like the following were used in this study: 
Qubit Fluorometer (for precise DNA concentration) 
Nanodrop Spectrophotometer (for purity analysis, e.g., determining the A260/A280 ratio) 
Only gel electrophoresis was employed, which is less accurate in measuring the specific DNA concentration and purity. 
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C. Forensic and Practical Limitations 
1) Limited Applicability Without  
mtDNA Sequencing mtDNA forensic identification is based on sequencing the hypervariable regions (HV1, HV2) of mitochondrial 
DNA. 
Because this research does not involve sequencing, it cannot ascertain whether the DNA obtained is appropriate for forensic 
identification. 
In forensic science, mtDNA is applied to degraded samples or unidentified remains, but without sequencing, this research cannot 
establish if dandruff yields usable forensic markers. 
 
2) Lack of Control Samples 
The research might have to comprised: 
Positive controls (samples of known mtDNA) to confirm extraction efficiency. 
Negative controls (blank samples) to confirm that there was no contamination. 
No proper control samples due to limitations on resources, lessening the validity of the results. 
 
3) Ethical and Practical Issues with Sample Collection 
As opposed to blood or buccal swabs, which may be gathered with informed consent, dandruff naturally falls off and might 
unknowingly be placed on items or surfaces. 
In forensic contexts, the gathering of dandruff as evidence of DNA comes with ethical and privacy issues if gathered without one's 
knowledge. 
 
D. Suggestions to Mitigate Limitations in Future Research 
Future research should include the following to mitigate these limitations: 
1) PCR Amplification & Sequencing 
Amplify using mtDNA-specific primers and verify the presence of mitochondrial DNA. 
Sequence hypervariable regions (HV1, HV2) to examine mtDNA variability for forensic profiling. 
 
2) Enhanced DNA Quantification Procedures 
Utilize Qubit or Nanodrop to measure exact DNA concentration and purity. 
Do qPCR in order to discriminate between nuclear and mitochondrial DNA. 
 
3) DNase I Treatment to Remove Nuclear DNA 
Add treatment with DNase I enzyme to remove nuclear DNA so that the isolated DNA is purely mitochondrial. 
 
4) Improved Sample Collection & Standardization 
Design a controlled collection protocol, e.g., employing adhesive scalp strips rather than nail clippings. 
Provide sterile conditions to reduce the risk of contamination. 
 
5) . Control Samples 
Use positive and negative controls to ensure extraction efficiency validation and contamination exclusion. 
Due to methodological limitations and the absence of mtDNA-specific confirmation, this study's forensic usefulness cannot yet be 
established, despite its successful demonstration that DNA can be retrieved from dandruff isolated from nail clippings. The 
possibility of identifying the mitochondrial origin of the recovered DNA is limited by the absence of PCR, sequencing, DNase I 
treatment, and quantitative DNA analysis. Future research must overcome these limitations by integrating increasingly complex 
molecular techniques to improve the precision, specificity, and forensic value of mtDNA extracted from dandruff. 
 

VII. FORENSIC IMPLICATIONS AND APPLICATIONS OF THIS RESEARCH 
A. Scientific and Forensic Implications 
1) Extending the Scope of Forensic DNA Sources 
This research presents proof that dandruff collected from nail clippings can be a viable source of DNA. 
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Forensic DNA analysis has long been dependent on blood, saliva, semen, hair roots, and buccal swabs. Nevertheless, in situations 
where these bodily fluids cannot be accessed, dandruff may provide a backup, non-invasive source of genetic material. 
The occurrence of mtDNA in dandruff indicates that even tiny shed biological pieces could be of forensic value, especially in 
missing person cases, crime scene evidence, or degraded human remains. 
 
2) Gathering Non-Invasive Samples for DNA Analysis 
The fact that dandruff may be collected non-invasively is another important benefit of using it as a DNA source. Dandruff is 
naturally shed and can be passively collected from personal items such as clothing, pillows, and combs, unlike blood or buccal 
swabs, which need the person's active participation. In circumstances where direct DNA collection is not feasible (such as cold cases 
or dealing with an unwilling suspect), this has important applications for forensic investigation. 
 
3) Potential in Degraded DNA Investigations 
In decomposed or highly degraded remains in forensic cases, nuclear DNA tends to degrade with exposure to the environment, 
whereas mtDNA is more stable because of its greater copy number per cell. 
If dandruff is present in ancient remains, mass disaster scenes, or buried evidence, it may be analysed for mtDNA as a means of 
long-term identification. 
This research adds to post-mortem DNA recovery research, offering insights into how dandruff can be used as a long-lasting source 
of genetic informatlong-te9 
 
B. Applications for Criminal and Legal Investigations 
1) Use in Criminal Investigations  
Forensic experts use the biological evidence that criminals inadvertently leave at crime sites to create DNA profiles. Although the 
most valuable evidence is blood, semen, or fingerprints, dandruff from a suspect's skin or hair can also be detected on weapons, 
clothing, or furniture. This study suggests that dandruff-based DNA evidence may be used to establish a suspect's presence at a 
crime scene. 
 
2) Use in Cold Cases and Unsolved Crimes  
Most unsolved crimes do not have the conventional DNA evidence, and the investigators usually find it hard to collect usable 
genetic material from crime scenes.  
If dandruff is an effective source of DNA, then forensic investigators could look into cold cases by re-screening stored evidence for 
shed skin cells. 
The research's results might urge law enforcement agencies to widen their forensic DNA practices to the examination of dandruff 
and other unorthodox biological samples. 
 
3) Proof in Cases of Domestic Abuse and Sexual Assault 
In cases of sexual assault or domestic abuse, victims and suspects frequently make intimate physical contact, which may result in 
the sharing of biological evidence. Although DNA analysis of perspiration, skin, and bodily fluids is common, dandruff can 
potentially serve as proof linking a suspect to a victim. The argument that dandruff is trace evidence that can be used in forensic 
examinations of physical altercations is strengthened by this study. 
 
C. Medical and Genetic Research Implications 
1) Role in Genetic and Ancestry Studies 
Because mtDNA is inherited maternally and very conserved, it is commonly applied in ancestry testing, population genetics, and 
evolutionary biology. 
mtDNA, if it could be reliably isolated from dandruff, may prove to be a new source for genetic lineage analysis. 
These results of this study may lead researchers to investigate the use of dandruff-based DNA extraction for genealogical analysis. 

 
2) Future in Personalized Medicine and Genetic Screening 
As personalized medicine advances, scientists are seeking non-invasive means of obtaining DNA for genetic screening and disease 
risk testing. 
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If dandruff yields good-quality DNA for sequencing, it may be applied to future diagnostic uses for genetic diseases, mitochondrial 
disorders, and inherited conditions. 
This research provides the foundation for investigating dandruff as a possible sample source for genetic diagnostics. 
 
D. . Ethical, Privacy, and Security Implications 
1) Ethical Issues in DNA Collection 
As dandruff is shed naturally and can be harvested without the knowledge of the person, it poses issues of consent and privacy. 
Police or private organizations may be able to harvest dandruff-based DNA without letting the person know, creating ethical issues 
in forensic analysis and personal data protection. 
This research emphasizes the necessity of ethical standards on the procurement and utilization of shed DNA in forensic and research 
purposes. 
 
2) Databases for DNA and Biometric Security  
National and international forensic databases, such as CODIS (Combined DNA Index System), are increasingly using DNA 
profiling. Police might add dandruff-derived mtDNA profiles to forensic databases to help identify unidentified people if dandruff 
DNA analysis were to become more accurate. Background checks, criminal investigations, and biometric security systems may all 
benefit from this. 
 
3) Threat of DNA Theft and Abuse 
As technology improves, the capability to recover traceable genetic information from minute biological residues becomes a threat of 
DNA theft, identity theft, and genetic discrimination. 
This research highlights the potential threats of off-grid genetic profiling and highlights the need to develop legal safeguards against 
the abuse of shed DNA. 
 
E. Future Research and Applications of Technology 
1) Developing Forensic DNA Extraction Techniques 
This research proves the necessity for better DNA extraction and purification techniques specifically designed for dandruff and 
other shed biological materials. 
Future research may include: 
Designing high-yield extraction procedures for mtDNA from dandruff. 
Investigating the effects of varying environmental conditions on the preservation of dandruff DNA. 
Developing standardized forensic protocols for dandruff-based DNA analysis. 
 
2) Coupling with Next-Generation Sequencing (NGS) 
Thanks to the Next-Generation Sequencing (NGS) technologies, scientists are able to study minute samples of mtDNA with great 
accuracy. 
If extraction of mtDNA using dandruff becomes efficient, it would be coupled with NGS to analyze mtDNA in depth for genetic 
studies, mutation screening, and forensic identification. 
This work adds to the basis for making progress in the field of forensic genomics and DNA sequencing. 

 
3) Possible Application in Environmental DNA (eDNA) Research 
Environmental DNA (eDNA) is applied in wildlife research and ecology to identify genetic traces left by organisms in the 
environment. 
Since human dandruff has recoverable DNA, it may be utilized in forensic eDNA research to trace human movement, determine 
individuals in environmental samples, and investigate microbiome dynamics on personal items. 
This may find applications in biodefense, surveillance, and forensic anthropology. 
This research has broad implications in forensic analysis, genetics, biomedical research, and ethical considerations of DNA 
acquisition. By showing that dandruff present in nail clippings yields extractable DNA, the research opens the door to non-invasive 
DNA analytical techniques and indicates the forensic uses of shed biological matter. 
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However, the research also puts some critical questions forward regarding privacy, ethical issues, and technological progress in 
DNA forensics. Although more research should be conducted to enhance the accuracy of dandruff-based mtDNA analysis, this 
research lays a solid groundwork for future research on other DNA sources. 
By broadening the scope of forensic DNA analysis to include non-traditional sample types, this study may pave the way for new 
identification methods, clear up cold cases, and transform forensic evidence collection and analysis. 
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