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Introduction
Forensic science has undergone a profound transformation in the last few 

decades, particularly in the area of genetic analysis. Among the most powerful 
techniques for identifying individuals and solving crimes is DNA profiling. This 
has revolutionized criminal investigations, exonerated the wrongfully accused, 
and provided undeniable evidence in courtrooms. Central to this revolution are 
two techniques: Short Tandem Repeat (STR) analysis and Whole Genome 
Amplification (WGA). STR analysis involves the examination of specific 
regions of the human genome that contain short, repetitive sequences of DNA. 
These regions are highly polymorphic, meaning they vary significantly among 
individuals, making them invaluable for identification. On the other hand, WGA 
is a technique used to amplify small amounts of DNA, which is critical when 
DNA samples are degraded, limited, or compromised-common situations in 
forensic cases where only trace amounts of biological material remain [1].

Crime scene evidence often consists of trace amounts of biological 
material, such as hair, skin cells, or saliva. WGA allows forensic scientists to 
amplify these tiny amounts of DNA, making it possible to generate an STR 
profile from even the most challenging samples. This is particularly important 
in cases where DNA is recovered from hard-to-access areas or when a 
suspect is not readily available for direct comparison. In cases where DNA 
from multiple individuals is mixed (e.g., in sexual assault cases or violent 
altercations), the ability to amplify the entire genome through WGA allows 
for better discrimination of individual profiles. This improves the chances of 
identifying the perpetrator and resolving complex cases where multiple DNA 
sources are present [2].

Description
Short Tandem Repeat (STR) analysis is a genetic technique that examines 

specific locations in the genome where short, repeating sequences of DNA 
occur. These repeats are typically 2–6 base pairs long and are found in 
numerous locations across the human genome. The number of repeats at 
a particular STR locus can vary between individuals, which allows forensic 
scientists to use these loci for identification purposes. The power of STRs in 
forensic science lies in their polymorphism, or variability. While most of the 
genome is conserved across individuals, STR regions differ in length from 
person to person. This makes them an ideal tool for distinguishing between 
individuals in cases such as criminal investigations, paternity testing, and 
missing persons cases. In forensic DNA analysis, STR markers are typically 
selected from a set of loci known to be highly variable. By examining multiple 
loci simultaneously, forensic scientists can obtain a DNA profile that is unique 
to an individual. This profile is used to compare samples recovered from a 
crime scene with those from suspects or databases [3].

A typical STR profile involves analyzing 13–15 different loci, with each 

locus containing a set of repeated sequences. The results are often presented 
as a series of numbers representing the number of repeats at each locus. The 
combination of these results creates a genetic fingerprint that is unique to an 
individual, except in the case of identical twins. Whole Genome Amplification 
(WGA) is a method used to amplify an entire genome from a small or degraded 
DNA sample. This technique is especially important in forensic science, 
where DNA samples are often available in limited quantities and can be highly 
fragmented due to environmental factors. The goal of WGA is to generate 
a sufficient quantity of DNA for downstream analysis, such as STR profiling 
or sequencing. WGA methods can be broadly classified into two categories: 
PCR-based amplification and non-PCR-based amplification. PCR-based WGA 
uses primers that bind to the DNA and initiate the amplification of the entire 
genome. Non-PCR-based WGA, on the other hand, employs chemical or 
enzymatic reactions to amplify the genome without the need for primers [4].

The use of WGA in forensic science is critical when working with 
compromised or degraded samples. For example, DNA recovered from 
bones, hair, or old biological samples may be fragmented or present in very 
low quantities. WGA allows forensic scientists to create a more complete 
and usable DNA sample, which increases the chances of successful STR 
analysis. In forensic applications, WGA helps amplify genetic material from 
minute or degraded sources, such as blood stains, hair follicles, semen, or 
tissue remnants, ensuring that even trace amounts of DNA can be analyzed 
effectively. While STR analysis provides a powerful method for identifying 
individuals based on specific regions of their genome, it is dependent on the 
availability of a sufficient amount of high-quality DNA. In cases where the DNA 
sample is degraded or present in minute quantities, the ability to amplify the 
genome through WGA becomes crucial. Amplifying Degraded or Low-Quantity 
DNA: In forensic cases, DNA samples from crime scenes can be degraded 
due to exposure to environmental factors such as heat, moisture, or bacteria. 
Traditional DNA analysis methods may fail to yield sufficient results from these 
compromised samples. However, WGA can amplify even tiny or degraded 
samples, generating enough DNA to produce a full STR profile [5].

Conclusion
The integration of Whole Genome Amplification (WGA) and Short Tandem 

Repeat (STR) analysis has brought about a powerful synergy in forensic 
science. WGA enhances the success of STR analysis by allowing forensic 
scientists to work with degraded or minute DNA samples, ensuring that even 
trace amounts of DNA can be effectively analyzed. This combination has not 
only improved the reliability and accuracy of forensic DNA profiling but has 
also expanded its applicability in cold cases, missing person investigations, 
and criminal justice. While challenges such as contamination risks and allelic 
dropout remain, the potential for using WGA and STR analysis to solve 
complex forensic cases continues to grow. As forensic techniques evolve 
and improve, the synergy between WGA and STR analysis will play a critical 
role in advancing forensic science and ensuring that justice is served. This 
union of technology has solidified its place as an invaluable tool in the forensic 
world, ensuring that even the most challenging cases have the potential for 
resolution. As forensic science continues to develop, the power of these 
techniques will only become more pronounced, further enhancing the ability 
to bring perpetrators to justice and provide closure for victims and families.
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