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Abstract

     Forensic DNA analysis is frequently deployed in criminal investigations to discover illicit conduct. On the other hand, forensic 
DNA analysis is also utilized in civil procedures to determine the paternity of progeny over which there is a dispute. However, in 
addition to situations of inheritance, guardianship, maintenance, and validity, it may also be necessary to determine paternity in 
cases of adultery or fornication, as well as in cases of contested paternity arising out of divorce proceedings or questioned legali-
ty. Even if the child’s validity isn’t questioned, this is true. In a scenario in which the mother of the child feels that another person 
is to blame for her pregnancy, the objective of these investigations is to identify the guy who is the child’s biological father.
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     The use of DNA fingerprinting in the determination of an individual’s paternity is proven to be quite useful in this process. Illegal 
DNA analysis is widely used to discover criminal behaviors such as murder and rape, but it is also utilized in situations of contested 
paternity, to determine the identity of a deceased person, and in cases of baby swapping [1, 2]. DNA Typing is a technique that may 
be used to test any DNA that contains traces of biological evidence. The DNA molecule’s makeup is virtually constant from cell to cell; 
as a result, the DNA in blood is similar to the DNA found in other biological materials such as hair, sperm, skin, and bone marrow [3]. 
The DNA molecule’s composition is largely constant from cell to cell. In India, DNA fingerprinting has been integrated into the normal 
work of contested paternity cases as a potent technique of inquiry in forensic cases, particularly in the field of forensic medicine and 
genetics. It was decided that the previous traditional research based on blood antigen systems such as variable blood groups and HLA 
Tissue Typing would no longer be employed in such delicate instances due to the limitations of invariability of the loci studied [4] 
would be discontinued. There are various methods in which paternity, or the status of being a father, maybe legally proven. It is com-
mon practice to assume that a man is the biological parent of a child if both of the child’s parents are married. The filing of a “paternity 
action” is required to ascertain if a man is the father of a kid who was born out of marriage, according to the law. It is possible to prove 
paternity in such a lawsuit if the claimed father acknowledges being the father [5, 6]. Blood-group tests, which are typically performed 
using the ABO method, cannot prove paternity, but they may definitively rule out a claimed father as a contender for the position. 
Given that a kid must receive his or her blood type from both the mother and father, a guy who has different blood types from both 
the mother and the supposed father cannot be the father of a boy, as shown by the fact that the child’s blood type varies from both. 
A typical population frequency for traditional blood type maybe 1 in 200, whereas a typical population frequency for DNA would be 
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1 in 5,000,000. In other words, just one out of every five million individuals would have the identical DNA profile as the individual in 
question. Blood, bloodstain, and an oral swab may all be used to gather sufficient DNA samples for DNA typing purposes. DNA typing 
is a method of comparing strands of genetic material between a kid and an alleged father. Comparing strands from different regions 
within the genetic material allows for accuracy ratings of 99.9 percent [7] when comparing the child and the claimed father. [8] DNA 
testing allows for the exclusion of an alleged father with 100 percent confidence. To accomplish this task, an examination of evidence 
will be carried out to aid the court in determining the physical circumstances of both criminal and civil cases [9].

The unique pattern of an individual’s DNA

     DNA fingerprinting is a technique for identifying a person from a sample of DNA by examining the patterns in their DNA that are 
unique to them. The very first DNA fingerprint ever created. It was necessary to first extract DNA from a sample of human material 
(typically blood) before beginning the process of DNA fingerprinting.

     To cut the DNA, scientists utilized a kind of molecule known as restriction enzymes as “scissors”.

     A large number of DNA fragments of various lengths were produced as a consequence of this process.

     Gel electrophoresis was used to split the fragments of DNA into different sizes after they had been separated by size.

     The DNA was deposited in wells at one end of a porous gel, which served as something similar to a sieve in that it trapped the DNA. 
This was done so that DNA research might be conducted at a later date.

     After applying an electric current, the negatively charged DNA was dragged through the gel by the current as it moved through the 
gel.

     It was the shorter fragments of DNA that passed through the gel the quickest, and hence were extracted the most quickly. 

     Longer bits of DNA have a harder time moving through the gel, resulting in them traveling at a slower rate.

     As a consequence, by the time the electric current was turned off, the DNA bits had been sorted into groups according to their sizes. 

     The tiniest DNA molecules were found to be the farthest away from the spot on the gel where the original sample had been loaded.

     After being sorted, the bits of DNA were ‘blotted’ out of the fragile gel onto a more durable piece of nylon membrane and then ‘un-
zipped’ to produce single strands of DNA. This process took place after the bits of DNA had been removed from the gel.

     Following that, radioactive probes were placed in an incubation chamber with the nylon membrane Probes are short segments of 
minisatellite DNA that have been labeled with radioactive phosphorous to detect mutations.

     The probes only adhere to the sections of DNA that are complementary to one another in this example, the probes attach to the 
minisatellites that are present in the genome.

     A nylon membrane was exposed to X-ray film, which allowed the researchers to see the minisatellites that the probes had connected 
to them.

     A pattern of more than 30 dark bands emerged on the film where the tagged DNA was exposed to radiation after being exposed to 
radioactivity. 

     This was the pattern that represented the DNA fingerprint.

     Two or more distinct DNA fingerprints were run side by side on the same electrophoresis gel in order to compare the two or more 
different DNA fingerprints [10].
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Illustration showing the steps in DNA fingerprinting. Image credit: Genome 
Research Limited.

     DNA profiling Microsatellites, also known as short tandem repeats (STRs), are the shorter cousins of minisatellites, with lengths 
ranging from two to five base pairs. ‘TATATATATATA’, for example, is a minisatellite that is repeated many times across the human ge-
nome, similar to how minisatellites are replicated.

This day and age’s DNA fingerprint

1. DNA was isolated from a biological sample.
2. Due to the high sensitivity of STR analysis, just a little quantity of DNA is required to provide an accurate result. With this 

advancement, additional biological components such as blood, saliva, and hair may now be used to extract DNA from a single 
sample DNA profiling, in contrast to DNA fingerprinting, does not need the use of restriction enzymes to cut DNA. Polymerase 
chain reaction is used to produce numerous copies of a single STR sequence (PCR) Amplification via polymerase chain reaction 
(PCR) is a technique for creating multiple copies of a DNA sequence in an automated manner. It begins with a little bit of DNA 
and can even replicate DNA from a sample that has been largely degraded by other factors Primers are little pieces of DNA that 
are employed in the PCR process. Upon binding to complementary regions in the target DNA, these molecules cause the DNA to 
replicate itself.
The primers that are employed in STR analysis are designed to attach to either end of the primer-target sequence on either side 
of the primer. For each STR, the primers are labeled with a different color fluorescent tag. This allows for easier identification. 
Identifying and recording the STR sequences following PCR is made simpler as a result of this.

3. After a sufficient number of copies of the sequence have been created by PCR, electrophoresis is used to separate the fragments 
based on their size and shape.

4. Each fragment is passed through a laser, which causes the fluorescent tags on the fragments to light a certain color when they 
come into contact with the laser. A succession of colored peaks (as seen in the picture below) is produced, with the color and 
length of each STR sequence denoted by a dashed line between each peak.
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Illustration showing the steps in DNA profiling. Image credit: Genome Research Limited.

• The greater the number of STR sequences that are evaluated, the more accurate the test is at identifying a specific individual.
• In addition, there exist Y-STRs, which are STRs that are produced entirely from the male Y chromosome, which are employed for 

forensic reasons. 

This is effective for identifying a male culprit from a collection of DNA samples that have been combined.

• A certain STR profile will be shared by just one individual in every ten million million (10,000,000,000,000) (10,000,000,000,000). 

     It is thus exceedingly improbable that you will have the same profile as someone else, unless you are an identical twin, due to the 
fact that the world’s human population is just 7,100 million (7,100,000,000) [11].

Recognizing suspicious behavior and preventing criminal activity

     Researchers in the field of forensic science have found that even a small amount of human remains found after a crime can be utilized 
to identify the perpetrator.

     It is required that you have at least 11 different genetic markers (STRs) as well as a sex test to determine whether your DNA profile 
is that of a man or female to get an accurate complete DNA profile in the United Kingdom. To maintain consistency across European 
borders, all new profiles now include an additional five STR sequences to verify that they are all identical.

     The Federal Bureau of Investigation (FBI) in the United States recommends that 13 STR sequences be checked. The quantity of STR 
sequences studied is increasing in an increasing number of states in order to promote cross-state investigations, which is beneficial 
to everybody.

     When the profile of a crime scene fits the profile of an individual’s personal profile, a suspect may be identified.

     If the qualities of a crime scene match those of a repeat offender, they are more likely to conduct another crime.

     The authorities may utilize this DNA evidence in combination with other evidence in order to pursue charges against a suspect in a 
criminal investigation. Having a comprehensive DNA profile of a suspect increases the likelihood that they are either guilty or innocent 
of the offenses for which they are being investigated [12].
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Crime scene DNA fingerprint compared to two suspects’. Suspect 2’s DNA 
matches the crime scenes.

A database of DNA profiles is stored

     There were initial national databases of DNA profiles in 1995, when the United Kingdom became the first country to do so.

     This database contains only DNA profiles belonging to a tiny number of persons, most of whom have been linked to serious crimes.

     1,766,000 DNA profiles acquired from innocent persons and children were wiped from the UK’s National DNA Database as a result 
of the Protection of Freedom Act 2013, which passed in 2013.

     Currently, the vast majority of countries have a national database of ancestry information [11, 12].

Relatives who share a common ancestry 

     Your mother and father each contribute half of your DNA to your ancestors this means that STRs are passed down from mother to 
daughter over many generations.

     One of the most common applications of DNA profiling is to establish whether or not two persons are related to one another and, if 
so, whether or not they are the biological parents of the same kid.

     DNA profiling may also be used to locate missing individuals and to reconnect families that have been divided as a result of crime 
or natural disaster.

     A very small proportion of positive findings are really due to DNA profiling being a false positive, which is exceedingly rare [11, 13].
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DNA comparison between parents and child. You can observe 
which parent’s STRs the child inherited.

Conclusion

     Gathering DNA evidence is simple because genetic material is present in all human cells except red blood cells. Because of this, when 
we leave behind minute biological pieces of ourselves, those pieces can be used to identify us and link us to the locations we’ve been. 
As a result of this, we can be linked to the places we’ve been. The amount of DNA needed for analysis may be acquired from even a 
minute biological sample thanks to contemporary technology. This allows the police to compare crime scene evidence with prospec-
tive suspects. In spite of this, even if a “match” is established, this does not constitute irrefutable evidence of wrongdoing because 
forensics is a science that relies heavily on probability. In addition, DNA databases, which are supposed to make it easier to link pre-
vious offenders to more recent crimes, are fraught with problems involving individual genetic rights and problems related to delayed 
sample entry, both of which hinder the ultimate usefulness of these databases. These databases were designed to simplify the process 
of linking previous offenders to more recent crimes. Because of this, the scientific community, the law enforcement community, and 
the legal community are continually debating the personal repercussions and ethical problems raised by forensics, despite the field’s 
undeniable significance to the modern judicial system.
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