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Abstract

Crop DNA fingerprinting is becoming more popular in plant breeding as a result of its uses in variety
protection, dispute settlement, and forensic science research. The varieties were distinguished based on
the morphological markers before the development of proteomic and genomic technology. For genetic
diversity analysis in crops, protein based markers were discovered and used in mid 20" century. For crop
fingerprinting DNA markers are used mostly in the genomic era. Crop fingerprinting with DNA markers
began with RFLPs (non-PCR based markers) and progressed to polymerase chain reaction (PCR) based
markers that are RAPDs (Randomly Amplified Polymorphic DNA), SSRs (Simple Sequence Repeat),
AFLPs (Amplified fragment Length Polymorphisms, ISSRs (Inter Simple Sequence Repeats), SNPs
(Single Nucleotide Polymorphism), DArT (Diversity Array Technology). The development of cost
effective whole genome sequencing techniques is critical to the future of crop fingerprinting. Distinction
of highly similar varieties, mutants, certain clones, and vegetatively propagated crops might be possible
with such technology. This review paper gives an idea about different markers used for DNA
fingerprinting and also its applications for crop improvement.
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Introduction

The use of molecular marker techniques to identify cultivars is referred to as plant DNA
fingerprinting. DNA fingerprinting began in 1985, when Alec Jeffreys and colleagues
published a series of papers describing tandem-repetitive sections of DNA (also known as
minisatellites) can produce somatically stable DNA fingerprints that are fully unique to an
individual. During plant breeding programs, seed production, marketing, and product
inspection, identification of variety, classification, and sustainability are crucial. The study of
genetic variation and relatedness is an important part of the protection and utilization of
biodiversity as well as food security (Nybom et al., 2014) 3], Based on morphological markers
i.e., using DUS (Distinct, Uniformity and Stability) test the plant varieties and species were
identified (Tiwari et al., 2013) . Due to multigene nature and environment dependent the
morphological markers were unreliable, less informative and less effective for identification of
variety (Korir et al., 2013) [, To know the genetic diversity among plant genotypes, DNA
markers are cost effective and are most reliable approach as they are environment independent.
The use of molecular markers to characterize hybrids and their parental lines has numerous
benefits over morphological and biochemical markers (Sharma et al., 2014) (8, The most
promising technologies for identifying plant genotypes are molecular methods, particularly
DNA fingerprinting (Nybom et al., 2014) %1, Paul Hebert coined the term "DNA
fingerprinting" in 2003 as an alternative to conventional morphological-based classification
and it is now a generally acknowledged approach for determining genetic differences and
relatedness (Hebert et al., 2003). DNA fingerprinting is a technique that uses DNA markers to
allocate breeding lines to heterotic groups and to identify varieties (Jamil et al., 2020) I, Non
PCR based DNA marker is RFLP (Restriction Fragment Length Polymorphism), PCR based
markers are mostly used now a days like SSR (Simple Sequence Repeat), RAPD (Randomly
Amplified Polymorphic DNA), AFLPs (Amplified fragment Length Polymorphisms), ISSR
(Inter Simple Sequence Repeats), SNPs (Single Nucleotide Polymorphism), DArT (Diversity
Array Technology), GBS (Genotyping by Sequencing) (Nadeem et al., 2018) [¥21,

DNA fingerprinting in crops using different markers
1. Morphological markers
2. Biochemical markers or protein markers (Isozyme)
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3. DNA markers:

a) Non PCR based marker or probe based: RFLP

b) Amplification based: RAPD, SSR, ISSR, SCAR, CAPs,
STS, VNTRs, SPLAT

c) Probe and PCR based: AFLP, rDNA- ITS

d) New generation: SNP, EST, SSCP

Morphological markers

For its unique identification, a distinctive trait found in a
genotype was termed as fingerprint. For identification of
cultivars, morphological markers like grain color, presence or
absence of awns, plant height, and leaf sheath coloration were
used earlier. Using morphological descriptors crops like
sugarcane (Selvi et al., 2003) [*71, grapevine (Royo et al.,
1997) 4 peas (Taran et al., 2005) 1, napier grass (Bhandari
et al., 2006) [ were fingerprinted. Recessive genes influence
morphological features, which can only be expressed in
homozygous form. Because these traits are quantitative,
estimating and genetic mapping them is a difficult task
(Bhandari et al., 2006) (€],

Isozymes

Because of their speed, accuracy, and relative independence
from environmental factors, isozymes were used for
fingerprinting after 1960 (Nybom et al., 2014) B3, Sample
collection, enzyme extraction, gel electrophoresis, gel
staining, visualization and evaluation of fingerprinting were
all included of the isozyme analysis (Sumarani et al., 2004)
153, Isozymes are used in napier grass (Bhandari et al., 2006)
(61 cassava (Sumarani et al., 2004) 153, grapevine (Royo et al.,
1997) M4 for fingerprinting and characterization. Protein
extraction from the collected plant sample is time consuming
and difficult (Nybom et al., 2014) B3, Protein degradation
during sample collection is main issue. The results of isozyme
analysis are strongly influenced by differences in sample time
and tissue type (Johnson et al., 2010) (20,

DNA markers

Several DNA marker methods are widely used in plant
diversity research. The genetic variety and relatedness of
species may be studied using sequence information because
each individual's DNA sequence is unique. RAPD, RFLP,
AFLP, SSR markers are first and second generation markers.
RFLPs, RAPDs, AFLPs, and SSR are examples of first and
second-generation molecular markers, while SNPs, DArT
tests, and GBS are examples of third and fourth-generation
markers (Paux et al., 2012) B8, Molecular markers are
commonly regarded as potentially useful technologies for
improving pulse crop yields (Kelly et al., 2003) [, DNA
markers, particularly RAPD, AFLPs, and SSRs are proposed
to be an appropriate tool for identifying clones (Devarumath
et al., 2002) 1 somaclonal variations (Rahman & Rajora
2001) 9 preeding lines and hybrids (Bastia et al., 2001), and
cultivars (Mohanty et al., 2001) B4, as well as monitoring
introgression, mapping QTLs (Paterson et al., 2003) and to
study genetic diversity in maize crop (Kantety et al., 1995)
(21, RFLP is probe based DNA marker or non PCR based
marker. PCR based markers includes RAPD, AFLP, SSR,
ISSR, GBS, DArT.

Non PCR based DNA marker

Restriction Fragment Length Polymorphisms (RFLPS)
Earliest used DNA markers are RFLP. RFLPs are a
hybridization based polymorphism technique that relies on
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restriction enzymes to cleave genomic DNA before
hybridizing to DNA-labeled probes to detect DNA fragments
of identical size that differ in one base pair. As RFLP markers
are co-dominant, they are used for detection of recessive traits
(Uddin and Cheng, 2015; Ben-Ari and Lavi, 2012) B¢ 51, In
different crops, such as lentils, oats, tomatoes, peanuts, and
Brassica napus, to understand the species relationship and for
taxonomic studies RFLPs were used (Wang et al., 2011) B8,
RFLP genotyping is a time-consuming, expensive, and
sophisticated method of genotyping. For many plant species,
DNA probes are not available. For RFLP it is difficult to
identify more than one base pair change because of the single-
locus nature. Hybridization of oligonucleotide probes is a
difficult process that is sensitive to minute temperature
fluctuations (Ben-Ari and Lavi, 2012) B,

PCR based DNA markers

Simple Sequence Repeats (SSR)

SSRs are short nucleotide sequences (1-6 bp) that are found
throughout the genome in tandem repeats (Kelkar et al., 2010)
122, Because of their superior reproducibility, increased
polymorphism levels, and high mutation rates, these markers
are often utilized in population genetics, functional genomics,
association mapping, DNA fingerprinting, diversity analysis,
comparative mapping, and gene tagging research. As SSR
markers are dominant in nature, they can distinguish both
homozygous and heterozygous locus. Many crops like
Helianthus, barley, soybean, wheat, date palm, rice, and
maize, utilize SSRs for fingerprinting (Jamil et al., 2020;
Wang et al., 2011) 1% 8%, The creation of SSR markers from
genomic DNA is a major difficulty with SSR-based
fingerprinting systems since it takes a lot of effort to isolate
nuclear microsatellites from plants so expressed sequence
tags. The EST-SSR markers were developed using the EST-
Database of several species (Nybom et al., 2014; Squirrell et
al., 2003) 38, SSR markers can be developed quickly and
cheaply using EST databases (Gupta et al., 2003).

Amplified Fragment Length Polymorphisms (AFLP)

The AFLP marker approach combines RFLP and PCR to
produce a more reliable banding pattern. AFLP is similar to
RFLP in that it detects restriction fragments in the genome.
For the detection of genomic restriction fragments, PCR
amplification is employed instead of southern hybridization,
and it merely represents the presence and absence of
restriction fragments rather than length differences. AFLPs
have been used to observe genetic variation in mango,
sorghum, wheat, and sweet potato. In cotton, sweet potato, Bt
rice, and soybean, tagging of major agronomic traits, fiber
quality traits, and fingerprinting studies have been conducted
(Zargar et al., 2017) 64, AFLPs are dominant markers, so they
can't differentiate between homozygous and heterozygous
individuals and also require high quality and quantity of
DNA.

Randomly Amplified Polymorphic DNA (RAPD)

William and colleagues developed RAPD markers (Williams
et al., 1990) 4. For fingerprinting studies RAPD markers
were mostly used (Nybom et al., 2014; Gomes et al., 2008) [
121, RAPD markers are useful for analyzing the diversity of
many plant species (Sinha et al., 2013). RAPD utilizes a small
sample size, produces speedy results in a shorter time period,
is less expensive, and does not require prior information of
the genomic sequence. PCR fragments are generated from
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genomic DNA, which are then analyzed electrophoretically to
produce multi locus banding patterns which are later seen
under UV trans illuminator. For genotype characterization and
fingerprinting, differences in the size range of PCR products
are examined (lgbal et al., 2021) 181, Several studies have
employed RAPD, a dominant marker, as effective methods
for identifying markers associated to agronomically important
traits (Kotresh et al., 2006) 1. Crops like corn, rice, wheat,
barley, sorghum, oats, and rye are fingerprinted using RAPD
markers (Igbal et al., 2019; Salem et al., 2007) I 3, In
RAPD the use of non-specific primers with random sequences
may result in an improper hybridization between target DNA
and primer. As RAPD markers are dominant it is not possible
to distinguish between homozygous and heterozygous locus.
Interspecific hybridization was also verified using RAPD
markers (Mei et al., 2004) %1,

Single Nucleotide Polymorphism (SNPs)

In 1996, SNPs was first introduced by Lander (Al Samarai
and Al-Kazaz, 2015) ™M which is a common and effective
method of DNA fingerprinting. SNPs are stable genetically
and numerous, and genotyping chips can be automated to
allow for high throughput analysis. The basis of SNPs is
based on the hybridization of DNA fragments with SNP chips
(high density DNA probe arrays), after which the SNP allele
is designated based on the hybridization results (Yang et al.,
2013) [¢3, In sugar beet, grapevines, soybean, chickpea, olive,
mango, cotton, datepalm and common bean SNP markers are
widely employed as an important tool for linkage mapping,
QTL analysis, DNA fingerprinting, and genetic diversity (Fu
et al., 2020; Raatz et al., 2019; Faqir et al., 2017) [3% %1, SNPs,
in comparison to microsatellites, lack information per locus
and are therefore less informative per locus (Wang et al.,
2017) 571,

Inter Simple Sequence Repeats (ISSRs)

Since 1994, SSRs have been routinely utilized in DNA
fingerprinting as PCR-based multi-locus molecular markers.
This technique amplifies inter-specific SSR sequences of
various length using selected 16-20 base pair long
microsatellite sequences as primers in polymerase to make
multi locus markers. ISSR primer sequences are often longer
than RAPD primer sequences, allowing for a higher annealing
temperature, resulting in more repeatable bands than RAPD
primers. ISSR markers have some drawbacks, such as limited
reproducibility when compared to other markers, and are
dominant in nature. However, because of their high
polymorphism, these markers are frequently utilized in
genome mapping, genetic diversity, linkage studies, gene
tagging, phylogeny and evolutionary biology research (Reddy
etal., 2002) 431,

DNA fingerprinting applications in crop improvement
Markers are employed in crop variety identification, crop
protection, prediction of heterosis, seed purity analysis, plant
germplasm resource conservation and evaluation, genetic map
construction, genotyping, cloning of essential agronomic
characteristic genes, and molecular marker assisted breeding
(MAB).

Crop protection

Varietal protection and germplasm characterization are two
applications for modern fingerprinting technology. The
International Union for the Protection of New Varieties of
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Plants (UPOV) is working hard to develop and implement
fingerprinting techniques for DUS testing (He et al., 2020;
Archak, 2000) 1. Crop fingerprinting is a technique that can
be used in forensic botany. Fingerprinting is regarded as a
superior method of detecting adulteration in plant-based foods
and pharmaceuticals. Various markers have been proposed to
resolve adulteration issues. Different food items, juices, and
drugs were subjected to DNA analysis is to determine the
plant variety from which they were derived (Nybom et al.,
2014) B3, SSR markers with a distinct amplification pattern
can be employed as diagnostic genetic markers for specific
hybrids, while DNA fingerprints can be used as a quick
reference for comparing the genetic purity of different seed
batches, preventing the sale of illegitimate hybrids (Sharma et
al., 2014) (481, The plant variety DNA fingerprinting is critical
for securing the rights of plant breeders (Kumar et al., 2001)
261 Diversity of parental lines can be easily identified by
using DNA fingerprinting technique (ljaz, 2011) [l For
marker-assisted selection, fingerprinting techniques are
utilized, which is beneficial to plant breeders because it
minimizes the number of generations required for evaluating
different traits (Jamil et al., 2020) [,

Prediction of heterosis

To improve the breeding efficiency and process, heterosis
prediction is important. Furthermore, DNA markers remove
the drawback of isozyme-based heterosis prediction, which is
too limited to be widely used. The genetic distance of the
molecular marker was related to the heterosis of boll number
and weight in single cotton (Percy et al., 2006) 71,

Identification of cultivar and Seed purity analysis

For identifying molecular markers for DNA fingerprinting,
previous researchers considered three criteria i.e.,
codominance, polymorphism and allele uniqueness (Lukman
et al., 2008) 28, One of the most essential quality control
components in hybrid seed development is determining the
genetic purity. The traditional field purity test, which
examines a variety of plant morphological features, is time-
consuming, difficult and also results are obtained after the
growing period (Asif et al., 2006) 1. Because DNA molecular
markers have excellent specificity, selectivity, simplicity,
precision, and genetic stability, they may detect changes in
DNA levels without causing environmental affects, and hence
have significant advantages in seed purity detection (Korir et
al., 2013) 4, Bio-security and quality issues to the farm
industry can be reduced by assessing genetic purity. Seed
purity of maize, cotton, wheat, grape and rice has been
identified using DNA molecular marker technique (Zang et
al., 2012). RAPD analysis would be beneficial in breeding for
rapid and early hybridity verification in large seedling
populations, as well as purity testing of different seed lots,
allowing true hybrids to be detected and parentage of hybrids
and lines/cultivars to be verified (Asif et al., 2006) [l
Grapevine and pomegranate were identified using the RAPD
molecular marker (Zhang et al., 2012; Zhao et al., 2011) [¢>
861, For hybrid identification, DNA fingerprinting techniques
which are based on molecular markers are considered
effective genomic tools (Salgado et al., 2006; Perry 2004).
Two SSR primer pairs are needed to separate two maize
hybrids that are unrelated, whereas at least three to four SSR
primer pairs are needed to distinguish hybrids that have only
one parental line (Lukman et al., 2008) 1. In terms of plant
variety protection, DNA fingerprinting can be used to
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estimate hybrid performance and for precise identification
(Xu et al., 2004) 52, For cultivar identification, restriction
fragment length polymorphism (RFLP) has also been
proposed (Pagnotta et al., 1966) (41,

Germplasm Resource Evaluation and conservation

For germplasm identification, evaluation and preservation, the
DNA molecular marker technology plays a very important
role. To screen the important germplasm, preserve and to
maintain the breeding population DNA markers are used. The
information regarding their DNA level diversity, as well as
their origin and evolution relationships would substantially
assist us in making better use of the germplasm resources
available to us, as well as providing an important source for
their protection.

Genetic diversity assessment

To know the gene flow, parentage analysis is done. The
purpose of DNA fingerprinting is to investigate genetic
relatedness between genotypes/species. As the data is
collected from many ecological zones, genetic relatedness
also provides useful information on the domestication process
(Raj et al., 2019) ™I For marker-assisted selection,
fingerprinting techniques are utilized, which is beneficial to
plant breeders because it minimizes the number of generations
required for testing different traits (Chukwu et al., 2019) "],
The hybrid/parental line DNA fingerprinting data could be
successfully used for a genetic purity test that examines
diverse seed samples to true-to-type control and parental
lines. Because two randomly selected alleles from the
population were shown to be different among the
hybrids/parental lines, the SSR markers were able to detect
genetic diversity (Sharma et al., 2014) 81, Plant breeders can
use DNA fingerprinting and genetic profiling of breeding
material to allocate inbred lines/purelines to distinct heterotic
groups and determine the best crossing plan to maximize
heterosis (Silva et al., 2020) [“?l. Morphology, protein and
isozyme analysis, RAPDs, and RFLP markers were used in
early research on pigeon pea phylogenetic studies

(Ratnaparkhe et al., 1995; Sivaramakrishnan et al., 2002) 12
51]

Genotyping

Individual cultivars are identified using DNA fingerprints
produced using PCR or non-PCR based markers. When
compared to morphological markers, DNA markers are more
reliable (Igbal et al., 2019) 1, DNA fingerprinting is a useful
approach for identifying closely related species and varieties,
as well as assessing genetic diversity and estimating genetic
relatedness (Jamil et al., 2020) *. DNA fingerprinting aids in
the determination of varietal purity, which aids in the
prevention of the sale of impure seed in the market. Plant
hybridity testing is another useful application of DNA
fingerprinting. The co-dominant character of SSR markers
facilitates their use in hybridity testing and, as a result, will be
valuable in regulating hybrid seed marketing. DNA markers
are also a trustworthy source for identifying the pedigree
parentage of new crop varieties, and they will be used to
register them under the Plant Breeders Rights Rules to secure
plant breeders rights (Jamil et al., 2020) °1. As SSR markers
are highly reproducible, they are used for genotyping
asexually propagated cultivars. SNP chips are utilized for
high-throughput genotyping, and the data is subsequently
used to identify several QTLs in the genome (Fujii et al.,
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2013) M AFLPs are employed to fingerprint in-vitro
produced crops (Kumar et al., 2019) 71, For chimera clones
identification and for somatic mutation genotyping SSR
markers are used (Meng et al., 2018) (%,

Conclusion

With the rapid advancement of molecular biology today,
scientists need to apply technologies based on the molecular
level to improve the agriculture economy. In the future, DNA
fingerprinting has a lot to offer, including variety protection
under the Plant Breeders Rights Rules, dispute settlement, and
forensic activities to plant sciences, and will aid in the
expansion of genetic knowledge a database of several
certified crops (Wang et al., 2019) B, Variety distinctions
were made based on morphological characteristics as far back
as the nineteenth century. However, as technology progressed,
DNA-based markers became available. With the introduction
of next-generation sequencing technology in the twenty-first
century, DNA fingerprinting has advanced a step further, and
genotyping is now done through sequencing. Because of their
superior reproducibility, increased polymorphism levels, and
high mutation rates, SSR markers are more commonly
utilized markers. The transfer of DNA fingerprints into
readily available and useful information that can be utilized
directly in cultivar identification is critical in order to properly
use DNA markers to cultivar identification.
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