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. INTRODUCTION

Alec Jeffreys created DNA fingerprinting abouty&€ars ago. During his research, he
found the minisatellite area, which was then exé@@nd utilised as a probe to study human
DNA. A significant number of hypervariable areastire human DNA were detected by
using minisatellite probes, which were discoveretdve complex patterns of bands for each
individual. Each band represented one of the hyp@able DNA sections, which were
interconnected (Jeffreys (2013)). Theoreticallyergene on this planet has a unique DNA
fingerprint, with the exception of identical twing.herefore, compared to traditional
fingerprinting, DNA fingerprinting is distinctiveunique, and specific for identification.
Using less amount than a traditional fingerprind aarviving much longer than a traditional
fingerprint. It is still possible to use DNA samglthat are up to 25 million years old and
additionally, samples with mixed DNA can be utitis@Mishraet al., 2006). The sequence of
DNA, which each person gets from their biologicatgmnts, and which is the same in every
cell of the body, exhibits an exceptionally highdeof polymorphism and may be used to
identify every person in the world at the molecukwel. Except for monozygotic twins,
99.9% of the human DNA sequences are the sameadry gerson, yet there are enough
variations that allow for individual identificatio®NA profiling makes advantage of highly
variable repetitive sequences known as variable bemmtandem repeats (VNTRS),
particularly short tandem repeats (STRs). Althoalgisely related humans share a lot of the
same VNTR loci, it is highly improbable that unteld people would have the same VNTRs
(Singlaet al., 2017). Now a days, trace information left at crisoenes for identify persons
by using genetic information. DNA can be found ell€ from a person's blood, semen,
saliva, urine, hair, teeth, bone, or tissue, amathgr sources. Although DNA fingerprinting
is most frequently connected with human DNA, it ma&go be used to identify other
creatures, including plants and animals (Mercuatical., 2010). In 1990, everyone was
excited about the new technique that, for the firsie, used DNA markers to distinguish
between individuals of people, animals, plants, &mgus (Nybomet al., 2014). DNA
profiling has been extremely helpful for forensiceditine. It is a reliable and well-
recognized scientific technique used in the ideraifon of disasters victims, criminal
investigations, the search for missing individuatel human remains, and medical research
(Garciaet al., 2017). The identification of hereditary diseasesdllts, infants, and unborn
children is another use for DNA fingerprint techogy (Bajpai (2012)). Short tandem repeats
(STRs) applications for human identification asvasl animal identification have coevolved.
Humans and several other creatures have been Hjecswf population studies, kinship
analyses, paternity tests, and unique identifica{dassidy and Gonzales (2005)). In order to
identify high levels of polymorphism, human minedéite probes cross-hybridize with the
DNA of different species of fowl (chicken, duckykay, and goose). The resultant, person-
specific DNA fingerprints enable differentiationegv amongst closely related bird species.
With a larger average proportion of large DNA fragits, chicken DNA fingerprints differ
from those of humans and other animals. Low allph@rings of variable DNA fragments
found in pedigree analysis suggest that the mgjaofitalleles are unresolved in the DNA
fingerprint or are too small to be recognised @ligt al., 1989). Since the late 1980s, DNA
fingerprinting has been widely used in animal betanal research, particularly in studies of
animal reproductive behaviour (Hongyetral., 2000). The genetic development of domestic
animals depends on genetic diversity, both witimd across breeds. The selection of desired
economic features within present commercial lindsbe hampered by a loss of diversity.
Therefore, preserving or expanding genetic divensithin and across commercial lines or
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foreign populations is of importance to chicken dolers. DNA polymorphism is more
prevalent than gene products, and it may be deteegardless of environment, age, sex, or
tissue (Farra@t al., 2010). In poultry, DNA fingerprinting is a potetatol for investigating
genetic diversity within stocks and determiningatieinships among stocks, genotypically
describing individuals or populations, examining ttelative contribution of evolutionary
forces to genetic differences between populatiossig marker-assisted selection, helping
with gene introgression, predicting hybrid vigoand providing useful data for the pre-
selection of populations to be used in breedingrrégaet al., 2010). Plant DNA
fingerprinting is complex since it involves poputets and frequently many species.
evaluating the degree of hybridization in wild plgtions, estimating the degree of selfing in
crops, determining the reproductive method, exatitinaf the diversity of wild populations
Genebank administration, Developmental and adageeatures are analysed genetically.
intergeneric and interspecific crossings have lggsetically analysed. Plants grown in vitro
with stable genetics. locating the domesticatiacelof Einkorn wheat Soma clonal variant
identification, connections among clones, spomsl, eultivars in species that are reproduced
via cloning forecasting heterotic pairings in briegd Pedigree variance is predicted, sex
forecast, investigating the harm that pollution it genetic diversity and erosion (Archak
(2000)). Microsatellites are abundant in the genonmey exhibit different levels of
polymorphism, alleles exhibit codominant Mendeliaheritance, tiny amounts of tissue are
needed for assay, loci are conserved in relatediespeand they have the potential for
automated assay. These characteristics make ntelidea particularly suitable as genetic
markers for a variety of applications in aquacdtand fisheries research (Oreilly and
Wright (1995)). DNA is extracted from samples. Di¥Acleaved at a specified place using a
particular restriction enzyme. The DNA fragmentsvafied sizes are obtained using gel
electrophoresis. Transfer DNA fragments on to eooéllulose paper. These DNA fragments
are exposed to hybridization with a radioactivedgged DNA probe which is suitable.
evaluating the suspect's sample using autoradibgr@pgure 1).
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Figure 1: DNA Fingerprinting Procedure
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DNA fingerprint analysis is now used most freqiyeifdr paternity testing. This was
the first application for DNA testing (Jeffreys @)). Using anthropology and DNA
research, it is possible to identify the most Nkklcation of origin for ancient relics like the
Dead Sea Scrolls or mummies (Haedal., 1994). It was most recently utilised to identify a
new ancient human species (Brown (2010)). DNA teatspotentially be useful for wildlife
preservation. Using DNA evidence, it is possiblentonitor endangered animals that are
being slaughtered and traded illegally. The traglohunlawful sales of whale flesh or ivory
from elephants is one example of this. By compating DNA profile of the illegally
obtained item to an animal carcass, judicial aificimay take the necessary action against
the poachers and eventually safeguard the endahgpeeies (Pitteret al.,2010).

II. DNA POLYMORPHIC MARKERS

1 Single Nucleotide Polymorphism (SNP): Single nucleotide polymorphisms refer to
variations at a solitary position within a DNA segoe that result from individual
differences (https://www.nature.com/scitable/deiom/snp-295/). A single nucleotide
polymorphism (SNP) is a genetic variation that rfiedia single instance of the four
fundamental DNA building blocks—adenine (A), guani®), thymine (T), and cytosine
(C)—within a segment of the molecule, and it impacver 1% of a population
(Britannica, 2022). While tri- or tetra-allelic SNRre exceedingly rare, biallelic SNPs
are the prevalent type. Within the human genome&?sSate found on an average of one
occurrence per every 1000 base pairs (bp) (Sachdiamet al., 2001; Wanget al.,
1998). The frequencies of SNPs can differ by sévenadredfold between two locations,
and the distribution of SNPs across the genometisimform. Non-coding regions of the
genome frequently harbor a greater abundance ofsSikpared to coding regions,
constituting the primary location for the majorigf SNP occurrences. SNPs in
noncoding areas are essential genetic or physiagtars for comparative or evolutionary
genomics investigations, despite the fact that they't change the proteins they are
encoding (Nickersomt al., 1998). When SNPs are found in a gene's regulatmgipmns,
they can alter the rate of transcription and tleeefthe amount of encoded protein
produced. SNPs may modify protein function andcstme in the coding areas, which
can result in disease development or alter how @opereacts to a medicine or
environmental contaminant. SNPs have therefore begiloyed as molecular markers in
several pharmacogenomic and disease genetic regganc and Misra (2007)). In order
to understand speciation and evolution, SNPs mayskd to decode breeding pedigree,
identify species' genomic divergence, and link geicachanges to phenotypic features, a
large number of SNPs present in a group of indiadsland low genotyping costs (Kumar
et al., 2012). The biochemical impacts of SNPs can be eyeplto enhance the synthesis
of biomolecules. SNPs discovered through adaptiveluéon benefit in strain
characterization and biological pathway understagdiLiao and Lee (2010)). The
availability of SNP markers across the whole gen@né their suitability for high to
ultra-high throughput detection technologies has@ o their enormous popularity in
plant molecular genetics (Mammadev al., 2012). The analysis of biodiversity in
domestic and wild sheep populations, studies o$taasce to intestinal parasites and foot
rot, and the search for markers linked to meatrarkl yield or colour inheritance traits
have all benefited from the use of the new genamadf molecular genetic tools known
as SNP microarrays (Kaweckgal., 2016).
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Short Tandem Repeats (STRs): Short tandem repeats (STRs), also known as
microsatellites or simple sequence repeats, aef baquences of DNA that repeat in
tandem, consisting of a repetitive unit of 1-6 bpese repetitions lead to stretches of up
to 100 nucleotides in length (Tautz (1993)). STRs loe categorized into multiple groups
according to their varying repeat units. On onedhdmey are classified as mono-, di-, tri-

, tetra-, penta-, and hexanucleotide repeats, dated by the size of the primary
repeating segment. With an increase in the sizbefepeating segment, the abundance
of each category diminishes. Among these, dinudeakepeats are the most commonly
encountered in the human genome. STRs are furdggegated into two classifications
based on their repetition structures: perfect rep@dso known as simple repeats), which
encompass a single repeated unit, and imperfecatgpthat encompass multiple
compositional repetitions (Fan and Chu, (2007)).

Variable Number of Tandem Repeats (VNTRS): Variable number of tandem repeats
(VNTRSs), alternatively referred to as polymorphimisatellites, represent tandem repeat
sections exhibiting diversity in the quantity ofcsassive repeats across chromosomes
within a population (Naslunet al., 2005). Utilizing the count of reiterated seques)c
Variable Number Tandem Repeat (VNTR) sequencing genotyping method offering
information through a succinct and quantitative hoedblogy (Ramazanzadeh and
McNerney, (2007)). The application of recent breadtighs has elevated the significance
of multiple-locus variable-number of tandem-repeatslysis (MLVA) as a potent
technique for subtyping bacteria responsible fodfworne diseases (Nadetral., 2013).

.APPROACHESFOR DNA FINGERPRINTING

Restriction Fragment Length Polymorphism (RFLP): This technique involves the
digestion of a DNA sample by certain restrictionzynes, followed by resolve the
resulting restriction fragments based on the s&rgugel electrophoresis (Chaudhaty
al., 2020). Important advantages of RFLP include ggnong, gene mapping, DNA
fingerprinting, and the diagnosis of genetic dissgMittalet al., 2011).

Restriction Endonuclease: Restriction endonucleases are enzymes which actewvdised

in bacteria. DNA double-strand cleavage is fad#ithby restriction endonucleases. One
phosphate deoxyribose bond in the backbone of Babh strand is hydrolysed to cause
cleavage, which happens once for every instancéh@frecognition sequence. The
reaction often takes place without any energy bekded (Wilson and Murray, 1991).
Endonucleases were first discovered in the 1960d,esentually made commercially
available in the early 1970s. In many systems,velga takes place at a specific region
close to the recognition sequence, either withensiquence or a few bases to one side of
it. In other cases, hydrolysis occurs indefinitiy from the recognition sequence. Most
restriction endonucleases require Mg2+and someo afeed ATP or S-
adenosylmethionine (Roberts and Murray, (1976)stiR&ions endonucleases may act
biologically as a kind of immune mechanism thapkalestroy invading genetic material.
The cell's own DNA is protected from restrictiondenucleases by the methylation of
nucleotides found inside the recognition sequeAcksd, 1978).

Amplified Fragment Length Polymorphism (AFLP): DNA is fragmented by a pair of
distinct restriction enzymes, after which the DNragments' extremities are linked

Copyright © 2024 Authors Page | 164



Futuristic Trends in Biotechnology
e-ISBN: 978-93-6252-103-3
IIP Series, Volume 3, Book 5, Part 5, Chapter 2
CONVENTIONAL AND LATEST MOLECULAR DIA FINGERPRINTING TECHNIQUES

through oligonucleotide adapters. Selective prinaeesemployed to amplify specific sets
of DNA digestion products. The identification oflpmorphism can be achieved through
methods involving radioisotopes, fluorescent dyesl silver staining (Vost al., 1995).
Among the recent and highly promising methodologiémplified Fragment Length
Polymorphism analysis (AFLP), originated by Keygds¥ in Wageningen, stands out
prominently. The simultaneous use of a rare cuting a common cutting restriction
enzyme (Msel and EcoRI) to cut DNA, followed by thgation of oligonucleotide
adapters with defined sequences containing theegponding restriction enzyme sites.
employing specially created primers, selective &#imption of certain collections of
restriction fragments. To achieve this, the 3' eoflthe primer are designed to extend
into the restriction fragments for a small numberamdomly chosen nucleotides, while
the 5' region of the primer is designed to contaoth restriction enzyme sites on each
side of the fragment that are complementary tactireesponding adapters and observing
the amplified fragments in gelv&dav et al., 2017. A firmly established molecular
marker method, amplified fragment length polymosphi (AFLP), finds diverse
applications in areas such as population genepbgjogenetics, linkage mapping,
parentage investigations, and the creation of sifgius PCR markers (Meudt and
Clarke (2007).

4. Cleaved Amplified Polymorphic Sequence (CAPS): The RFLP and PCR are combined
to form CAPS. The method involves DNA amplificatidallowed by restriction enzyme
digestion (drees and Irshad (200)4)PCR-RFLP is another name for cleaved amplified
polymorphic sequence. | t was created after the RECRnique. | t was initially designed
as a way to identify base alterations in DNA segeeand hence serves as a diagnostic
tool for hereditary diseases. It was discovered tia method would be far more useful
in research on genetic diversity. One of the temphes for identification sequence
variation within a DNA fragment. It serves as diteraative to direct sequencing
for detecting sequence variation. It's a relativeiyaightforward and affordable method
and requires a small quantity of genomic DNA (htfpBdeplayer.com/slide/4925274/).

Random Amplified Polymorphic DNA (RAPD): To amplify arbitrary sequences within
a intricate DNA template, a lone, brief oligonudlde primer is necessary, attaching to
multiple loci. A PCR-amplified product is generatedsed on the primer's dimensions,
length, and the genome's characteristics (Kumar @odusubramanian (2011)). The
Random Amplified Polymorphic DNA (RAPD) techniquancbe harnessed for crafting
specific probes, scrutinizing blends of genomic enat, and achieving taxonomic
classification. Noteworthy advantages of RAPD tedbgy encompass its suitability for
uncharacterized genomes, minimal DNA quantitieB¢iehcy, and user-friendly nature
(Hadryset al., 1992). Sheela et al. (2021) employed the rangamiplified polymorphic
DNA (RAPD) method to uncover genetic variationgraspecies divergence, and the
epidemiological characteristics of S. chromogentains isolated from instances of
bovine and bubaline mastitis in Karnataka. RAPphodymerase chain reaction-based
technique for scrutinizing DNA polymorphisms, hasurid extensive application in
genomic investigations. This approach proves pofentunveiling genetic diversity
within populations and examining genetic affiliatsowithin the realm of animal genetics
and breeding. Additionally, it has the potentialetxplore the interplay between RAPD
markers, quantitative trait loci (QTL), and marlkessisted selection (MAS) (Piyahal.,
2000). Utilizing RAPD-PCR, the divergence betwebler Rathi and Tharparkar cow
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breeds, as well as the internal variability witleach breed, was effectively identified.
Rathi cattle exhibited greater genetic homogeneiithin the breed in comparison to
Tharparkar cattle. Remarkably, a substantial l@fedenetic resemblance is discernible
between these two breeds based on both trans-geimetlarity and the genetic distance
index, suggesting a potential ancestral connediietveen Rathi and Tharparkar cattle
(Sharmeet al., 2004).

According to Apostolidigt al (2001) the RAPDs is an effective technique for the
classification testing of individual horses as wadlfor determining the genetic variation
which was present within breeds. This is esseftlabn effective management strategy
planned to save these species. Using a 10-baserptim random amplified polymorphic
DNA (RAPD) approach was tested for the identificatof fresh meats from cattle, goats,
sheep, camels, wild pigs, donkeys, cats, dogs,tgldnd bears. These findings suggest
that RAPD may be beneficial for identifying singlpecies meat sample&rg§lanet al.,
2005. The efficacy of RAPD for subtype detection aratligree analysis was evaluated
by a comparison of random amplified polymorphic DKRAPD) among 25 isolates of
Giardia intestinalis (SEDINOVAet al., 2003). The randomly amplified polymorphic
DNA (RAPD) markers were used to identify polymoghiin five breeds of chicken:
White Leghorn, Rhodes Island Red, Red Cornish, 8#iymouth Rock, and Kadaknath.
These breeds were chosen for their early body w&iglart-period egg production, and
egg mass, respectively (Sharetaal., 2005). Parejet al (2002) used RAPD method to
examine the genetic diversity and population dymanof the critically endangered
Blanca Cacerena breed of cattle. The findings niagessible to better plan mating in
order to preserve genetic diversity and increasectfectiveness of conservation for the
Blanca Cacerena cattle breed. In order to find mpolphic markers in dogs for possible
application in linkage analyses of characterissiegregating in certain pedigrees, random
amplified polymorphic DNA (RAPD) analysis was evaled (Guet al., 1997). The
RAPD markers used as a specific DNA marker for Mugcducks, can be used to
evaluate and determine the DNA polymorphism of gedious Muscovy ducks in
Nigeria. These marker's might be useful in marlssisdted programmes for breeding
Muscovy ducks, if it could be connected to a quatitie trait locus for a trait which is
economically significant (Ogah and Momoh (2014)).

Single-Strand Conformation Polymorphism (SSCP): SSCP is the electrophoresis
separation of single-stranded nucleic acids basednute variations in sequence,
frequently a single base pair, which produces dindis secondary structure and a
discernible change in mobility through a gélgkchaure et al., 201.5Non-denaturing
polyacrylamide gel electrophoresis can often idgrntonformational changes in DNA
fragments of up to 300 bp caused by a single ntideewariation. The concept behind
denaturing gradient gel electrophoresis (DGGEh& the existence of a mismatch will
affect the double stranded DNA's melting point. Télectrophoretic mobility will
decrease when the melting point is achieved inlgg@aylamide gel that has a gradient
of denaturant. The heteroduplex and homoduplexhd$raare separated using a more
advanced variation of this process called denagurimgh performance liquid
chromatography (DHPLC)Mignal et al., 200 Although SSCP has been used
extensively in medical diagnostics, there is liftadies in population genetics. A quick,
easy, and sensitive way to identify genetic vasiatis by SSCP analysis. Many DNA
mutations and polymorphisms can be found by usiBgFS analysis. SSCP is more
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frequently employed to examine polymorphisms aglsitioci, particularly when utilised

for mutation identification and medical diagnostiltss a method for screening the DNA
fragments in various research and diagnostic agipdics because of its simplicity,
utility, and high rate of mutation detectiowékchaure et al., 20J5SSCP may detect

insertions, deletions, and rearrangements. Ideatitin of Novel gene mutations, which
improves our knowledge of genetic disorders. SSE€R reliable and rapid screening
method that may be used to detect nucleotide &ttesa(Sharma, Rishi (2021)).

IV.MOLECULAR DIAGNOSTICSAPPLICATION

DNA fingerprinting is a reliable technique to detene the parentage and paternity of
farm animals. Identification of alleles in the DN¥ofiles of the putative parents and their
offspring is the objective of parentage testiithgdvaphutanon, Janjira (20L1)n recent
years, these molecular markers, particularly DNAdobmarkers, have been widely used in a
variety of fields including pathogen identificatiorsex determination, gene mapping,
individual identity, genetic distance estimationdaevolution. They have also been used to
determine twin zygosity and free martinism, idgniifisease carrier animals, and perform
demographic studiesAthe et al., 2018 The majority of severe, illnesses are caused by
faulty animal genomes rather than infectious diseamising organisms. A specific illness is
resistant to or susceptible to certain allelic aats$ in the host genome. The identification of
heterozygous carriers, or else phenotypically intisiishable from healthy individuals, is
made possible by DNA polymorphism that occurs witld gene. Thisis useful for
understanding the molecular mechanism and genatitat of various genetic and metabolic
disorders. Identification of carrier animals foetfaulty recessive allele in bovine leucocyte
adhesion deficiency in cattle has been done ubiedPCR-RFLP technique. Pre-implantation
embryos sex can be determined using molecular msarkbe Y-chromosome specific (male-
specific) DNA sequence can be used as probes tevacthis. There has been an irreversible
loss of genetic diversity among our local animagdals as a result of the widespread
crossbreeding of foreign animals with local bresdsrder to capitalise on heterosis. Since it
promotes a high level of heterozygosity in the pafion, genetic diversity conservation is
crucial Ebegbulem & Ozung (2018) DNA amplification-based systems can be used in
forensic veterinary applications such as identdyihe species of meat and carcasses. There
are primers for sheep, goats, and cattle that geeies-specific. The majority of domestic
animal species have been utilised to detect pagentaing species-specific primers for the
amplification of regions with a variable numberafdem repeat#effer et al., 1996

V. CONCLUSION

DNA-fingerprinting has emerged as a significarl tof genetic analysis in medicine,
veterinary medicine, and other fields. These md&cmarkers, especially DNA-based
markers, have been extensively used in a varietyfieddls recently, including disease
detection, sex determination, gene mapping, indaliddentity, genetic distance estimate,
and evolution. In the field of animal genetics dwdeding, genotyping, gene mapping, and
the diagnosis of genetic diseases the fingerpectirtique is a potent tool for identifying gene
diversity in populations and analysing genetictreteships.
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