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Why in News?

After the Air India Boeing 787 Dreamliner crash in Ahmedabad, authorities used DNA identification
to confirm the identities of the victims.

= With body remains severely damaged, DNA analysis has become the gold standard for identifying
individuals in mass fatality events, such as this one.

What is DNA Analysis Techniques and its Application in Disaster
Victim Identification?

= About: DNA Analysis Techniques refer to scientific methods used to examine an individual’s
genetic material (DNA) for the purpose of identification, relationship testing, or detecting
genetic traits.

o DNA profiling is used to identify individuals by examining specific regions of their
DNA.

o DNA (Deoxyribonucleic Acid) is the hereditary material found in the nucleus of
eukaryotic cells and the cytoplasm of prokaryotic cells.

o |tis a genetic blueprint unique to each individual, except identical twins, and is
present in almost every cell of the human body.

o While 99.9% of human DNA is identical across individuals, the remaining 0.1% contains
variations, particularly in regions called Short Tandem Repeats (STRs), that make each
person’s DNA profile unique.

= Techniques of DNA Analysis:

o Short Tandem Repeat (STR) Analysis: STR analysis is the most commonly
used method in forensic DNA identification. It examines short, repeating sequences in
nuclear DNA that differ significantly among individuals.

¢ Analyzing 15 or more STR loci can confirm identity with high
accuracy. However, its reliability decreases if the nuclear DNA is badly
degraded.

o Mitochondrial DNA (mtDNA) Analysis: Used when nuclear DNA is absent or
degraded, mtDNA analysis focuses on maternally inherited genetic material.

e Since mtDNA exists in multiple copies per cell, it has higher survivability in
degraded remains.

 |dentification is done by matching with maternal relatives such as the mother,
maternal siblings, or maternal uncles and aunts.

o Y-Chromosome STR Analysis: This method examines STRs on the Y
chromosome, which is inherited along the paternal line from father to son.

|t is particularly useful for identifying male victims by comparing their DNA
with that of paternal male relatives. It is also effective when only distant male
relatives are available for reference.

o Single Nucleotide Polymorphism (SNP) Analysis: SNP analysis is used when DNA is
highly degraded and other methods are not viable.
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¢ |t identifies variations at single base pairs in the genome. Though less
discriminatory than STR analysis, SNPs are useful when only limited reference
material or personal items are available for identification.

Specialized forensic labs analyze
DNA using techniques like STR,
mitDMNA, Y-STR, or SNP, based on g

DNA quality and available
reference samples.

Reference Sampling

DNA is matched with
reference samples from close
relatives (parents, children) or
personal items (toothbrush,
razor).

Sample Preservation

Samples are stored in cold,
= dry conditions to prevent
degradation; soft tissues are

preserved by freezing or
ethanol.

Sample Collection

DNA is extracted from
remains when visual
identification is not possible;
bones and teeth are preferred
due to better preservation.
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MAKING A DNA PROFILE

The STR (short tandem repeat) technique used today can make a DNA profile using, say,
saliva on a cigarette butt. Here is how the process works:

Double helix
COLLECTING THE SAMPLE: structure of DNA
Scientists collect forensic samples such as |
saliva, semen, hair or blood. DNA is
extracted from this sample. DNA is mostly
present in the cell nucleus of the body, but
it is also found in the cell mitochondria in IT'S A MATCH!
case of bones and teeth, Based onthe picture
Sugar Phosphate produced by a computer,
Backbone the repetition of patterns
is detected and samples

are fimally matched,

Mext, scientists multiply the DNA
segment by using a polymerase
chain reaction (a laboratory
technique used to make multiple
copies of a segment of DNA) which
can make a large sample out of
tiny ome_ This is done using a
process involving a spedal enzyme
that hinds to the DNA and makes it
multiply. By the end of this process,
scientists have enough DNA to
wark with,

STR MARKERS:
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markers are different in
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match DNA profiles.

FRAGMENTING DNA:
During the reaction, markers are
added to 13 areas of 5TRs, which
are later analysed. A maching
called capillary slectrophoresis
then cuts the DMNA into fragments
at specific base points.

FAMOUS CASES AND DNA PROFILING
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GENETIC CODE:

DMA is a double hellx structure in which the backbone is made
of sugar and phasphate and information is stored a5 a code
made up of four chemical bases: adenine (A), guanine {G),
cytosine (C), and thymine (T). The genetic code is made up of
the sequence of the bases on the two strands.
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More on DNA Profiling:

What are the Legal Provisions Regarding DNA Profiling in India?

Click Here to Read: Legal Provisions Regarding DNA Profiling in India

What are the Limitations of DNA Profiling?

Click Here to Read: Limitations of DNA Profiling

UPSC Civil Services Examination, Previous Year Questions (PYQs)
Prelims
Q. Consider the following statements: DNA Barcoding can be a tool to:(2022)
1. assess the age of a plant or animal.
2. distinguish among species that look alike.
3. identify undesirable animal or plant materials in processed foods.
Which of the statements given above is/are correct?
(a) 1 only
(b) 3 only
(c)1and2
(d) 2 and 3

Ans: (B)

Q: With reference to the recent developments in science, which one of the following
statements is not correct? (2019)

(a) Functional chromosomes can be created by joining segments of DNA taken from cells of different
species.

(b) Pieces of artificial functional DNA can be created in laboratories.

(c) A piece of DNA taken out from an animal cell can be made to replicate outside a living cell in a
laboratory.

(d) Cells taken out from plants and animals can be made to undergo cell division in laboratory petri
dishes.

Ans: (A)


/daily-updates/daily-news-analysis/dna-profiling-in-the-justice-system#:~:text=What%20are%20the%20Legal%20Provisions%20Regarding%20DNA%20Profiling%20in%20India%3F
/daily-updates/daily-news-analysis/dna-profiling-in-the-justice-system#:~:text=What%20are%20the%20Limitations%20of%20DNA%20Profiling%3F

PDF Refernece URL: https://www.drishtiias.com/printpdf/dna-identification-techniques



https://www.drishtiias.com/printpdf/dna-identification-techniques
http://www.tcpdf.org

