DOI: https://doi.org/10.5281/zenodo.17164110
Original Research

Evaluation of DNA Yield from Different DNA Extraction Protocols in
Various Weights of Tissue Samples

Aparna Sajeevan®, Muhammad Nasir Ahmed?, Vina R Vaswani*, Mohammad Amjad
Hussain®, Sudheer Shenoy P

Abstract

Forensic investigations often rely on successfully extracting DNA from biological samples
to identify individuals or establish evidence. The efficiency of DNA extraction protocols
can vary significantly depending on the sample type, weight, and extraction method used.
This study evaluates the DNA yield and quality from four commonly used DNA extraction
protocols across varying weights of tissue samples. The results highlight the importance of
selecting an appropriate extraction method and sample weight to optimize DNA yield for
forensic applications. The methods regarding yield (according to tissue mass) and purity
(A260/280) were compared and it was found that in the present experiment, 50 mg tissue
sample is the optimum weight for good yield of DNA at the purity range of 1.8-1.9. This
manuscript aims to determine the optimum tissue sample size to provide a good yield of
DNA in animal tissue samples using four different DNA extraction protocols.
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Introduction:
Forensic investigations, a field that applies

quality and quantity of DNA extracted from
biological samples, underscoring the

scientific techniques to analyze evidence
from crime scenes, play a crucial role in our
society. They often involve the
identification of perpetrators or victims
through physical or biological traces.! DNA
analysis, a cornerstone of modern forensics,
is a powerful tool that enables the
identification of individuals, establishes
familial relationships, links suspects to
crime scenes, and even exonerates the
wrongfully convicted.? The reliability of
forensic DNA analysis depends on the
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importance of this work in our society.
DNA extraction is isolating DNA from
biological samples, cells, or tissues. This
process is critical in forensic contexts
because the extracted DNA must be of
sufficient quantity and quality for
downstream applications such as PCR
amplification, sequencing, genotyping, and
other profiling techniques. However, the
efficiency of DNA extraction can vary
depending on the sample type, tissue
weight, preservation conditions, and the
extraction protocol used. High-quality
DNA extraction is essential for accurate
analysis and reliable results in forensic
applications. >

One of the key challenges in forensic DNA
extraction is that a protocol optimized for
one sample type may not apply to another.’
For instance, a protocol effective for blood
samples may not yield high-quality DNA
from bone or hair, and the protocol that
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works well for fresh tissue samples may not
be efficient for degraded tissue samples [5].
Additionally, the weight of the tissue
sample can significantly influence DNA
yield, making it essential to determine the
optimal sample size for extraction.® The
sample size and weight should be carefully
considered when estimating DNA quantity
and quality without proceeding to PCR.
Larger sample weights may yield more
DNA but could also introduce inhibitors or
degrade DNA quality. Conversely, smaller
samples may provide insufficient DNA for
accurate quantification.” This study
explores the relationship between sample
weight and DNA yield across different
extraction protocols.

The current four DNA extraction methods
selected for this study are widely used in
forensic investigations. Each method has
distinct advantages and limitations
depending on the sample type and the level
of DNA degradation. The methods are
compared to evaluate which produces the
highest yield and quality across varying
sample weights. Hence, this study aims to

determine the ideal weight for tissue
samples when only DNA quantity and
quality are the focus using different DNA
extraction protocols.

Materials and Methods:

The muscle tissue samples of Bubalus
Bubalis were collected procured from a
local abattoir in Mangalore and divided into
varying weights (25 mg, 50 mg, and 100
mg) and DNA extraction was carried out in
triplicate using four different protocols to
evaluate the impact of sample weight on
DNA yield.

The four DNA isolation protocols were
Forensic Protocol;!%!! Standard
Protocol;'>!* Modified Protocol - I, and
Modified Protocol - IL

The study was conducted in India’s first
Taphonomy Center Forensic
Anthropology Center for Taphonomy
(FACT) at the Forensic Anthropology Unit,
Department of Forensic Medicine and
Toxicology, Yenepoya Medical College,
Karnataka.
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Figure 1: Schematic representation of summarized DNA isolation protocols
(The test tube vector image was adopted from Shutterstock)
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Result and Discussion:

The absorbance A260/280 nm ratio, which
shows the range of 1.8 to 1.9, is considered
standard for DNA purity.'*!

The following are the observations of the
present study:

e DNA Yield (ng/ul): In the Forensic
Protocol, the DNA yield increased
with the increase in sample weight
and obtained good purity of DNA.

e DNA Quality (A260/280):
Modified Protocol - I followed by
Forensic Protocol provided
consistent quality across all sample
weights.

e Protocol Efficiency: The Modified
Protocol - I, followed by the
Forensic Protocol, was effective but
required more time for DNA
extraction. The Standard Protocol
was faster and more rapid but
yielded poor-quality DNA from all
the tissue samples.

Sample Size and Weight: For DNA
quantification and quality estimation
(without PCR), tissue weights from 50 mg
were optimal, yielding good purity of DNA.
In the present study, Modified Protocol - I
followed by Forensic Protocol emerged as
the most effective and efficient method for
high-quality DNA extraction for all the
weights of tissue samples, offering a good
balance of yield and purity, whereas
Standard Protocol and Modified Protocol-
II have not resulted in good purity and yield
of DNA. While using another DNA
extraction method that we modified, the
first protocol (The Modified Protocol - II)
was inefficient in terms of optimum yield of
DNA this may be due to various factors,
including processing the DNA extraction
such as lysis or over lysis of tissue, RNAse
treatment etc.

The qualitative analysis was carried out
using Gel Electrophoresis in which
Forensic Protocol and Modified Protocol -
I have

DNA extraction method Weight of tissue | Yield (ng/pl) A260/280
25 mg 478.29 2.05

Forensic Protocol 50 mg 1877.82 1.98
100 mg 2235.53 1.86

25 mg 406.40 2.66

Standard Protocol 50 mg 214.27 1.15
100 mg 284.51 232

25 mg 319.39 1.92

Modified Protocol - 1 50 mg 200.41 1.89
100 mg 2059.13 1.80

25 mg 113.77 1.30

Modified Protocol - II 50 mg 41.01 1.45
100 mg 195.55 1.00

Table 1: The yield and average values of the A260/280 ratio for tested DNA extraction

methods for different weights of the tissue
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Figure 2 : DNA bands visualized under UV for 25 mg tissue sample
[Well 1: DNA Ladder; Well 2-4: Forensic Protocol; Well 5-7: Modified Protocol I;
Well 8-10: Modified Protocol II; Well 11-13: Standard Protocol]
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Figure 3 : DNA bands visualized under UV for 50 mg tissue sample
[Well 1: DNA Ladder; Well 2-4: Forensic Protocol; Well 5-7: Modified Protocol I;
Well 8-10: Modified Protocol ITI; Well 11-13: Standard Protocol]
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Figure 4 : DNA bands visualized under UV for 100 mg tissue sample
[Well 1: DNA Ladder; Well 2-4: Forensic Protocol; Well 5-7: Modified Protocol I;
‘Well 8-10: Modified Protocol II; Well 11-13: Standard Protocol]

obtained DNA bands when visualised
under UV transillumination whereas no
visible bands were visualized for the
Standard Protocol.

The poor yield was reported by various
authors'*!7 in which values of DNA purity
were not in the range of 1.8-1.9, indicating
the presence of contamination in the DNA
extraction. Furthermore, the previous
study'® reported that Standard Protocols
may not be free of contamination and
toxicity in producing high quantity and
quality DNA, which could also be a
limitation in this study.

It was reported that animal species and
types of tissue samples were used to extract
good DNA yield at a purity of 1.89, varying
with the weights of the samples used for
extraction.'” A study conducted on
mesenteric lymph nodes of pigs to extract
optimum DNA yield reported that 600 mg
sample weight produced 600.58 ng/pl with
a DNA purity of 1.89'* and contrary to the
study' found that 20 mg Shark muscle
sample yielded 5.15 pg with purity of 1.75.

The present study results of DNA
concentration and purity were slightly
different, which may be due to the tissue
and animal type.

Conclusion:

This study highlights the importance of
selecting the correct DNA extraction
protocol based on the tissue type and the
intended  forensic  application. It
demonstrates that the choice of DNA
extraction protocol and sample weight

significantly impacts DNA yield and
quality in forensic contexts. While
Modified Protocol—I is robust for

obtaining high-quality DNA across various
tissue samples, the Forensic Protocol offers
a rapid alternative. Standard Protocol,
though reliable, is less practical for high-
throughput forensic applications.

Our findings suggest that tissue weights of
50 mg are optimal for simple DNA
quantification and quality assessment
(without PCR). These findings can guide
forensic laboratories in selecting the
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appropriate DNA extraction method and
sample size for non-PCR-based DNA
profiling, ensuring that the quality of
evidence is not compromised in criminal
investigations.

Limitation of the study:

This study is only conducted on Bubalus
Bubalis samples; further research on
different animal tissue samples is suggested
to validate the result.

Further research should focus on applying
these methods to highly degraded or
challenging forensic samples, such as those
from older cases or environmental
exposures. Additionally, exploring the cost-
benefit ratio of each technique in real-world
forensic settings could help determine the
most practical options for routine casework.
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