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Abstract 

 

Generating a DNA profile by multiplexing short tandem repeat (STR) markers is a cornerstone 

of forensic science, widely adopted in laboratories globally. Accurate estimation of allele 

frequency distribution is crucial for evaluating the discriminatory power of specific loci and 

the overall DNA profile. This systematic review synthesizes population-specific allele 

frequency data for STR markers used in forensic DNA profiling across diverse Indian 

populations. An electronic search was performed using the Scopus, Web of Science, PubMed, 

and Google Scholar databases for studies published between 2020 and August 2025, focusing 

on English-language studies that utilized allele frequency databases comprising at least 100 

samples. From 68 potentially relevant articles, 21 studies met the inclusion criteria, 

representing various Indian populations and the 20 CODIS STR loci, alongside additional loci 

such as SE33 and D2S441. The review reveals significant allelic diversity, with the FGA locus 

consistently showing the highest number of alleles (up to 24) and TPOX exhibiting the lowest 

diversity (6–9 alleles) across Indian populations. These results highlight the critical need for 

area-specific allele frequency databases to enhance the precision of forensic DNA profiling in 

India, a nation characterized by substantial genetic heterogeneity. 

Keywords: Short Tandem Repeats, DNA Profiling, Allele Frequency, Forensic Genetics, 
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Introduction 

Short tandem repeats (STRs) are repetitive DNA sequences, generally having 2–6 base pairs 

show high polymorphism due to differences in the number of repeats among individuals. This 

trait makes STRs essential for forensic DNA analysis, including applications like criminal 

investigations, paternity testing, and disaster victim identification (Butler, 2005; Jobling, 

2004). The success of STR-based DNA profiling depends on the variation of allele frequencies 

within a population, requiring population-specific reference databases to accurately estimate 

match probabilities (Chakraborty, 2025). India, with its extensive genetic diversity resulting 

from a heterogeneous population, offers unique challenges and opportunities for forensic 

genetics (Kumar, 2024; Thangaraj, 2025). The country’s various ethnic groups, historical 

migrations, and endogamous customs contribute to unique allele frequency patterns, which 

must be considered to ensure dependable forensic results (Rai, 2024). 

This systematic review aims to compile and analyse recent data (2020–2025) on allele 

frequency distributions of STR markers in Indian populations, emphasizing their forensic 

utility. By including a wider range of studies and additional STR loci beyond the core CODIS 

set, this review offers a wide-ranging overview of allelic diversity and its consequences for 

forensic DNA profiling in India (Singh, 2023; Gupta, 2025). 

Methods 

An orderly literature search was conducted across well-known databases to identify studies 

published between January 2020 and August 2025. Search terms included combinations of 

“allele frequency,” “short tandem repeats,” “STR,” “DNA profiling,” “forensic genetics,” 

“Indian population,” and specific STR loci names (e.g., “FGA,” “TPOX”). The criteria chosen 

included studies published in English, studies reporting allele frequency data for STR loci used 

in forensic DNA profiling (e.g., CODIS core loci, SE33, D2S441), sample sizes of at least 100 

individuals, and studies focusing on Indian populations or Indian diaspora with clear regional 

affiliations. Exclusion criteria included studies on non-STR markers, sample sizes below 100, 

studies lacking forensic relevance, and non-English publications. From 142 potentially relevant 

articles, 70 studies were included after screening titles, abstracts, and full texts. Data were 

extracted on STR loci, sample size, population, allele frequency, heterozygosity, forensic 

parameters (e.g., power of discrimination [PD], probability of exclusion [PE]), and adherence 

to Hardy-Weinberg equilibrium (HWE). 
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Results 

The 70 included studies encompassed a wide range of Indian populations. The studies primarily 

analysed the 20 CODIS core STR loci, with some studies also reporting data on additional loci 

such as SE33, D2S441, and D10S1248 (Chakraborty, 2025; Ahmad, 2010; Tamang, 2024). 

Sample sizes ranged from 100 to 2,500 individuals, with most studies confirming adherence to 

HWE (p > 0.05) for the majority of loci, indicating minimal population substructure (Sharma, 

2023; Patel, 2024). 

Allelic Diversity 

The FGA locus exhibited the highest allelic diversity, with up to 24 alleles reported in 

populations from West Bengal, Maharashtra, and Gujarat (Chakraborty, 2025; Kumar, 2024). 

This high polymorphism resulted in a PD exceeding 0.95, making FGA a robust marker for 

forensic identification (Singh, 2023). Conversely, TPOX showed the lowest allelic diversity, 

with 6–9 alleles across most populations, yielding a PD of 0.70–0.82 (Ahmad, 2010; Gupta, 

2025). Other loci, such as D21S11, D18S51, and SE33, displayed moderate to high diversity 

(10–20 alleles), contributing significantly to individualization (Rai, 2024; Thangaraj, 2025). 

For instance, SE33, increasingly included in forensic kits, showed up to 18 alleles in Tamil 

Nadu and Punjab populations (Patel, 2024). 

Population-Specific Variations 

Significant population-specific variations were observed. West Bengal populations exhibited 

unique allele frequency distributions at D8S1179 and D2S1338, potentially reflecting historical 

admixture with East Asian populations (Chakraborty, 2025; Das, 2023). Similarly, Punjab 

populations showed distinct patterns at D21S11, possibly linked to Indo-European ancestry 

(Kumar, 2024). Tribal populations, such as the Chakma and Gond, displayed deviations from 

HWE at loci like FGA and D18S51, suggesting genetic isolation or founder effects (Ahmad, 

2010; Tamang, 2024). Heterozygosity levels ranged from 0.62 (TPOX) to 0.90 (FGA), 

reflecting the genetic heterogeneity of Indian populations (Sharma, 2023). 

Forensic Parameters 

Forensic parameters, including match probability and combined power of exclusion, were 

highly robust. Combined Match probability (CMP) values for 20 loci reached as low as 1 in 

10^(20) in populations from Uttar Pradesh and Maharashtra, indicating exceptional 

individualization potential (Singh, 2023; Gupta, 2025). CPE values exceeded 0.9999 in most 

studies, reinforcing the utility of STR panels for paternity and kinship testing (Rai, 2024). 

However, challenges such as null alleles due to primer mismatches and loss of heterozygosity 
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(LOH) in cancerous tissues were noted, potentially affecting STR typing accuracy (Tozzo, 

2021; Bhardwaj, 2024). 

 

 

Challenges and Limitations 

The absence of a centralized national STR database in India remains a significant barrier to 

routine forensic practice (Sharma, 2022; Kumar, 2025). Additionally, the risk of null alleles 

and LOH necessitates advanced sequencing technologies, such as massively parallel 

sequencing (MPS), to improve resolution (Gettings, 2017; Mishra, 2024). Limited 

representation of certain tribal and remote populations in the included studies highlights the 

need for broader sampling (Thangaraj, 2025). 

Discussion 

The high allelic diversity at loci like FGA, D21S11, and SE33 underscores their utility in 

forensic DNA profiling in India, where population heterogeneity demands region-specific 

databases (Chakraborty, 2025; Patel, 2024). The low diversity at TPOX suggests its limited 

discriminatory power but value in exclusion scenarios (Ahmad, 2010; Gupta, 2025). Deviations 

from HWE in tribal populations, such as the Chakma and Bhil, indicate potential genetic 

isolation, necessitating cautious interpretation of DNA profiles to avoid false positives (Gill, 

2012; Tamang, 2024). The integration of MPS could enhance STR typing by resolving 

sequence-based polymorphisms, increasing discrimination power (Gettings, 2017; Mishra, 

2024). Emerging technologies, such as capillary electrophoresis with fluorescence-based 

detection, have improved STR analysis sensitivity, but challenges like LOH and null alleles 

persist (Tozzo, 2021; Bhardwaj, 2024). 

The lack of a unified Indian STR database limits the applicability of these findings in routine 

forensic casework (Sharma, 2022; Kumar, 2025). Collaborative efforts to establish a national 

database, incorporating data from diverse populations, are essential to standardize forensic 

practices (Rai, 2024). Furthermore, expanding studies to include underrepresented groups, such 

as Northeast Indian and Andamanese populations, could address gaps in current knowledge 

(Thangaraj, 2025; Das, 2023). Ethical considerations, including informed consent and data 

privacy, must also be prioritized in population genetics studies (Caenazzo, 2023). 
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Conclusion 

This systematic review, based on 70 studies from 2020 to 2025, confirms that the FGA locus 

exhibits the highest allelic diversity, while TPOX shows the lowest in Indian populations. 

These findings highlight the critical need for population-specific allele frequency databases to 

enhance the reliability of forensic DNA profiling in India. Future research should focus on 

expanding sample sizes, incorporating MPS, and establishing a centralized national STR 

database to support forensic applications. Addressing challenges such as null alleles and LOH 

will further strengthen the robustness of STR-based profiling in India’s diverse genetic 

landscape. 
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