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Abstract- DNA fingerprinting, also known as DNA
profiling, is a powerful biochemical method that has
transformed modern forensic science, paternity testing,
and genetic diagnostics. The process is grounded in
molecular biology and chemistry principles, utilizing
techniques like restriction enzyme digestion, polymerase
chain reaction (PCR), and gel electrophoresis to analyze
variations in individuals’ DNA sequences. This paper
explores the chemical principles underlying DNA
fingerprinting, its methodology, and its diverse
applications. We also examine the role of short tandem
repeats (STRs), the chemical nature of nucleic acids, and
the significance of electrophoretic mobility in DNA
profiling.

1. INTRODUCTION

DNA, or deoxyribonucleic acid, is the molecular
blueprint of life. Composed of nucleotide bases
(adenine, thymine, cytosine, and guanine), DNA
carries genetic information in its sequence. Each
individual (except identical twins) has a unique DNA
sequence, making it an ideal tool for identification
purposes. DNA fingerprinting leverages these
differences to create a distinctive profile for each
individual, primarily using non-coding regions of the
genome known as short tandem repeats (STRs).

The advent of DNA fingerprinting in the 1980s by Sir
Alec Jeffreys revolutionized forensic

science, offering an unparalleled level of accuracy in
individual identification. This research paper
discusses the chemical basis of DNA fingerprinting
and how modern laboratory techniques harness this
knowledge.

2. THE CHEMISTRY OF DNA

DNA is a polymer composed of repeating nucleotide
units. Each nucleotide consists of: A nitrogenous base
(A, T,G,orC)

A five-carbon sugar (deoxyribose) A phosphate group
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These components form a sugar-phosphate backbone
with nitrogenous bases projecting inward, pairing
specifically (A with T, G with C) via hydrogen bonds.
The chemistry of these interactions determines the
stability and replication fidelity of DNA.

3. METHODOLOGY OF DNA FINGERPRINTING
3.1. Sample Collection and DNA Extraction

DNA is extracted from biological materials like blood,
hair, saliva, or skin cells. Chemicals like detergents
and proteinases break down cell membranes and
proteins, releasing DNA.

3.2. Amplification via Polymerase Chain Reaction
(PCR) PCR amplifies specific DNA regions using:
Template DNA

Primers (short DNA sequences)

DNA polymerase (e.g., Taq polymerase) Nucleotides
(dNTPs)
Buffer solution

This reaction relies on thermal cycling to denature
DNA, anneal primers, and extend new strands.

3.3. Restriction Fragment Length Polymorphism
(RFLP) (Historical Technique)

Restriction enzymes cut DNA at specific sequences.
Variation in cutting sites leads to different fragment
lengths, which can be separated using gel
electrophoresis.

3.4. STR Analysis

STRs are short sequences (2—6 base pairs) repeated in
tandem. The number of repeats varies among
individuals. Modern DNA fingerprinting typically
analyzes 13—20 STR loci
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standardized by forensic agencies.

3.5. Gel Electrophoresis and
Electrophoresis

Capillary

DNA fragments are separated in an agarose or
polyacrylamide gel using an electric field. DNA's
negative charge (from phosphate groups) causes it to
migrate toward the positive -electrode. Shorter
fragments move faster, allowing separation by size.

4. RESULTS AND DISCUSSION
4.1. STR Profiles

The electrophoretic analysis generates a DNA
profile—a pattern of bands (in gel) or peaks (in
electropherograms) corresponding to STR alleles. A
match between samples identity or
biological relationship.

confirms

4.2. Forensic Applications

Crime scene investigation: Matching suspects to
evidence Missing persons identification Mass disaster
victim identification

4.3. Legal and Ethical Issues

While DNA fingerprinting is highly accurate, issues
like sample contamination, privacy concerns, and
database misuse remain challenges.

4.4. Advancements

Next-Generation  Sequencing (NGS) enhances
resolution and throughput Touch DNA allows
profiling from minimal biological material Portable
DNA labs increase on-site forensic capabilities

5. CONCLUSION

DNA fingerprinting, rooted in the principles of
chemistry and molecular biology, is a critical tool in
modern science. Its power lies in the uniqueness of
DNA and the precision of analytical chemistry
techniques. As technology advances, DNA profiling
will continue to evolve, becoming faster, more
sensitive, and more accessible while raising important
ethical and legal considerations.
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