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Abstract
The Hazaras counting over 7 million, are primarily found in central Afghanistan and southwest Pakistan's Quetta
contributing about 0.09 percent of Pakistan’s overall population, Hazaras are one of the unique but minor ethnicities.
Studies have been done on Hazara people through Short Tandem Repeats (STRs) but there is no any study on the
genetic lineage of Hazam sub-tribes. Short Tandem Repeats (STRs) have a key role in the forensic study these days.
These short tandem repeats (STRs) contain short nucleotide repeats which vary from individual to individual and can
be used in fingerprinting in modern days. There is a wide usage of STRs such as genetic lineage, historical background,
paternity testing, finding culprits in hamassment and theft cases because small amount of DNA is required to process
the study. The Hazara population, with their distinctive genetic profile, offers a unique opportunity to investigate the
genetic lineage of sub-tribes within this minority group. Understanding the genetic diversity and ancestry of Hazam
sub-tribes can shed light on their migmation patterns and historical origins. By employing Short Tandem Repeats
(STRs), which exhibit high variability and can be easily analyzed, this study aims to unravel the intricate genetic
landscape of Hazar sub-tribes in Quetta, Pakistan. The findings from this research will not only contribute to the
scientific knowledge of Hazara genetics but also have implications for forensic investigations, population studies, and

paternity testing. Furthermore, the utilization of STRs in this study highlights the importance of this molecular tool in
unraveling the complex genetic identities of human populations. Through a comprehensive analysis of genetic lineage
using STRs, this study will provide valuable insights into the genetic diversity and sub-tribal structure of the Hazam
population in Quetta.
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INTRODUCTION

Pakistan, the sixth most populous and the 334 largest country in the world, is a diverse nation with

a rich cultural and ethnic tapestry (1). It is home to more than 150 million people, comprising at least 18
different ethnic groups and speaking over 60 distinct languages (2). Among the various ethnic groups, the
Hazaras hold a significant place in the country's demographic landscape. The Hazaras, numbering over 7
million, are primarily concentrated in central Afghanistan and Quetta, a city in the southwest province of
Balochistan, Pakistan (3). Despite their relatively small population, the Hazaras are an important and unique
ethnic group with a distinct cultural and genetic heritage.

The Hazara people trace their origins to Genghis Khan's army during the early 13th century AD,
and their distinctive Mongolian facial features set them apart from other ethnic groups (4). Hazaragi, their
spoken language, is a fusion of Mongolian and Persian elements. While they have primarily settled in
Quetta, Balochistan, a significant number of Hazaras also reside in Parachinar, a town in the northwestern
province of Khyber Pakhtunkhwa (5-8). The name "Hazara" itself derives from the Persian term "hazar,"
meaning "thousand," reflecting their historical connection to the Mongol Empire.

Genetic variation and polymorphism play a crucial role in shaping the characteristics and diversity
of different populations. Deoxyribonucleic acid (DNA) serves as the hereditary material in all cells,
containing the genetic information that distinguishes individuals and determines their unique traits (9).

While human DNA is nearly 99.9% identical among individuals, the remaining 0.1% accounts for the genetic
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variations responsible for the differences observed between individuals (10). These genetic variations, or

polymorphisms, can be examined using various molecular techniques, including mitochondrial DNA
analysis, polymerase chain reaction (PCR)-based methods for single nucleotide polymorphism (SNP) typing,
and short tandem repeat (STR) analysis (11).

Among these techniques, STR analysis has emerged as a powerful tool for studying genetic
variation in human populations. Short tandem repeats are repetitive DNA sequences composed of 2 to 6
base pair motifs that exhibit varying numbers of repetitions at specific loci in the genome (12, 13). These
repetitive sequences, also known as microsatellites or simple tandem repeats, are abundant in the human
genome and display high levels of polymorphism (14, 15). The ability to analyze STRs using PCR
amplification has made them invaluable in diverse fields, including forensic genetics, population genetics,
genetic mapping, and paternity testing (16).

In the context of the Hazara population, previous studies have utilized STR analysis to explore their
genetic characteristics and establish population-specific databases (17, 18). However, there is a notable
research gap regarding the genetic lineage of Hazara sub-tribes. Investigating the genetic lineage of sub-
tribes within the Hazara population can provide insights into their migration patterns, ancestral
connections, and population structure.

This mini-review aims to evaluate the genetic lineage of Hazara sub-tribes from Quetta, Balochistan,
using STR analysis. By examining the genetic diversity and patterns of variation within and between sub-
tribes, we can gain a deeper understanding of the Hazara population's genetic heritage. Furthermore, such
insights can contribute to broader discussions on population genetics, migration history, and genetic
relationships in this region.

In summary, the evaluation of the genetic lineage of Hazara sub-tribes through STR analysis offers
an opportunity to explore the genetic diversity and unique characteristics of this distinctive ethnic group. By
filling the research gap in the understanding of Hazara sub-tribes' genetic lineage, this study will contribute
to the broader knowledge of population genetics and shed light on the historical and ancestral connections

of the Hazara population in Quetta, Balochistan.

GENETIC VARIATION OR POLYMORPHISM

Except for erythrocytes, each cell has hereditary material called DNA. People can be recognized and
their genetic make-up may be ascertained, thanks to DNA, which serves as the genetic blueprint. Saliva,
blood, bones, vaginal discharge, sperm, teeth and hair all contain traces of DNA (19). Human DNA is 99.9%
same and only 0.1 percent unique. Polymorphism, which distinguishes each individual, reveals the
difference. Polymorphisms can be identified using mitochondrial DNA (mtDNA), Polymerase chain
reaction (PCR)-based methods for single nucleotide polymorphism (SNPs) and (STR) short tandem repeat
loci, as well as typing of variable number tandem repeats (VNTR) loci and restriction fragment length
polymorphism (RFLP). The degree and kind of genetic diversity within a population affects its structure,

background (migration and recent expansion) and the distribution of diseased genes (20).

DNA AS A HEREDITARY MATERIAL

There are approximately three billion bases of genetic material in humans, among which 2% are
used to code for different proteins. The other DNA can be referred to either "junk" or as "non-coding" DNA
since it does not include any protein-coding regions (21). This non-coding DNA, often known as junk DNA,
is composed of repeating nucleotides of various lengths. Individuals' vastly repeated DNA differs from that
of other people (22). Moreover, individuals' DNA nucleotide sequences at the same chromosomal location
vary (23). Thus, genetically speaking, any two randomly chosen individuals are 99.9% genetically similar,
while the other three millions of the three billion genetic bases give each person their own distinctiveness
(24). Due to the variability in repetitive DNA, a method termed "DNA fingerprinting" (also termed "DNA
profiling " or "DNA typing") has been developed. Using a person's DNA, this technique generates a
distinctive design that may be employed to recognize people (25).
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SHORT TANDEM REPEATS (STRs)

A new name was created for shorter repeat motifs (often 10 to 60 bp) called "minisatellite” (26).
These repetitive DN A sequences are widespread and exhibit less repetition at a particular location in the
genome. In the human genome, there is another class of repetitive DNA sequences that are composed of
relatively short DNA sequences, typically 1-10 bps. These repetitive sequences were termed as “Simple
Sequence Repeats” (SSRs) (27, 28). After that, these sequences were called as “Microsatellite” or “Simple
Tandem Repeats” or “Short Tandem Repeats” (STRs) (29, 30). Microsatellites are widely spread in
eukaryotic genomes, according to increasing research (31-34). Different types of repetitive DNA sequences
have different core repeat unit lengths, neighboring repeat unit counts, and total repeat region lengths. A
few hundred to several thousand bases may be included in the core repetition of long repeat units. These
areas, which are frequently referred to as satellite DNA, are located close to the chromosomal centromere.
The word "satellite" was coined since early tests that also used equilibrium density gradient centrifugation
frequently showed the presence of one or more minor satellite bands (35).

Simple sequence or short tandem repeats (STRs)are tandemly repeated DNA slices with repetition
lengths comprising up to 6 bp with maximum lengths of 60 bp. More number of STRs can be found in
mammalian genomes. As the number of repetitions inside individual STRs vary extremely so these short
tandem repeat polymorphisms (STRPs) can be easily studied using PCR. STR distribution within genetic
material is not equal, they are found rarely in sub telomeric areas (being the site for VNTRs) (36).

The human genome contains short tandem repeats (STR), which make up 3% of the entire genome
and are small DNA fragments with 2-6 base pair repetitions that may be found everywhere. One of the few
DNA profiling techniques now available for identifying the molecular makeup of people and animals is
called "STR fingerprinting,” which is also referred to as "DN A fingerprinting" (37).

STRs are plenteous, codominant, highly polymorphic and practically neutral in terms of selection.
Furthermore, The DNA fragments found in STRs are so small that they might be detached on high-
definition medium like polyacrylamide and can be amplified by PCR. Since high-throughput capillary
sequencers and mass spectrographs are now readily available, the size of alleles is no longer taken into
account when evaluating STRs. STRs are commonly used in both scientific and practical research as an
essential result. STRs can be used to create genetic maps, localize genes, conduct genetic linkage studies,
identify people, test for paternity, and diagnose illnesses. Population genetics has also employed STR
analysis (38). By definition, STRs are brief, three or more can be evaluated at once. DNA tests can be
multiplexed or run with several STRs. Multiplex STRs are helpful since they may produce high
discriminatory results and effectively evaluate sample mixtures and biological materials including damaged
DNA molecules. As the need for DNA testing rises, it is also advantageous that multiplex STRs can be
detected automatically (39).

USES OF STRs

When analyzing DNA using the sex and autosomal chromosomes, Short Tandem Repeats (STRs) are
widely utilized. They are commonly used in forensic cases, population research and medico-legal analysis
(40). Short tandem repeat loci are necessary for forensic DNA analysis in the Combined DNA Index System
(CODIS). By using CODIS, these core loci have been increased to 20 STRs (41, 42). FGA, TPOX, CSF1PO,
THO1, vW A, D351358, D5S818, D75820, D135317, D21511, D8S1179, and D18S51 are the 13 core loci that
CODIS prescribed for forensic purposes up until 2016. Since the beginning of 2017 seven additional markers
including D105S1248, D151656, D251338, D195S433, D25441 (43). The human genome initiative and other
programs demanding a significant number of biological and genetic markers can use STRs due to their great
diversity and ease of usage as polymorphic markers. Sequence-based alleles have the capability to be more
precise than continuous-allele methods, which are already used in forensic medicine and science for genetic
typing (e.g., VNTRs) (44). Additionally, it demonstrated that trimeric and tetrameric STRs are common in
the human genome, as compared to single nucleotides, their mutation rate is substantially higher,
surpassing 10-3 per generation and are appropriate for use in DNA typing and genetic mapping (45-48).

There are certain benefits to adopting STR analysis for forensic purposes. The loci are 200 base pair in
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length, making it possible to identify them even in highly damaged DNA, allowing STRs to be successfully

analyzed from bones that are 70 years old (39). With automated photoluminescence, alleles may still be
clearly recognized even though there are fewer alleles than in large molecular mass (2 kB) hypervariable
DNA because each electrophoretic path has an internal standard size marker that enables accurate
measurement of a fragment of DNA to around 1 base pair (40, 41). Micro satellites are a collection of
molecular markers used for a variety of tasks, such as relatedness analysis and forensic detection and
tracking (42-44). Little amounts of template DNA are needed (20-100 ng) (44). Each STR is passed down as a
single unit, referred to as a haplotype, and serves as a single allele for every individual because of the lack of
crossover. (44-46). Additionally, STRs tend to be helpful in historical study, various parentage testing

circumstances, biological ancestry, and inquiries into missing individuals (44, 47, 48).

CONCLUSION

The study highlights the unique genetic lineage of Hazara sub-tribes in Quetta through the use of
Short Tandem Repeats (STRs). While previous studies have explored the Hazara population using STRs, this
research specifically focuses on the genetic lineage of Hazara sub-tribes, which has not been studied before.
STRs have proven to be valuable tools in forensic analysis, and their usage extends to genetic lineage
studies, historical background analysis, paternity testing, and criminal investigations. The prevalence of
Hazaras, a minor ethnic group, in central Afghanistan and Quetta, Pakistan, contributes to their distinct
genetic profile. Understanding the genetic variation and polymorphism within the Hazara sub-tribes
provides insights into their ancestry and population structure. The study emphasizes the importance of STR

analysis in uncovering the unique genetic characteristics of sub-tribes and sheds light on the diversity

within the Hazara population.
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