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Abstract 

 

Alec Jeffreys' papers on the 

application of minisatellite probes for 

human DNA fingerprinting were published 

almost three decades ago. Methodologies 

have rapidly evolved and diversified since 

those early days. Many different techniques 

have been created, improved upon, and 

then finally discarded as newer, more 

effective, and/or more reliable solutions 

emerged. While Southern blot 

hybridization and restriction fragment 

analysis dominated the initial stages of 

DNA fingerprinting, the invention of the 

PCR in the late 1980s paved the way for 

the creation of single- or multi-locus 

profiling techniques based on PCR. Plant 

DNA fingerprinting routines still 

frequently use PCR-based markers. Now, 

high-speed DNA sequencing was used for 

DNA fingerprinting in plants, either 

indirectly through the facilitation of marker 

development or directly through 

"genotyping-by-sequencing". Proper 

identification of plant species belonging to 

related taxa and finding their relatedness is 

necessary for the botanical world. DNA 

fingerprinting plays a crucial role in the 

authentication of plant specimens as it 

overcomes almost all of the limitations of 

traditional genotyping methods. In this 

chapter we aim to explain various 

molecular marker tools along with their 

advantages and disadvantages. 
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I. INTRODUCTION OF DNA FINGERPRINTING  IN PLANTS 

 

DNA fingerprinting, also referred to as DNA typing or profiling, is the process of 

amplifying an individual's chromosomal DNA to create patterns that resemble bar codes and 

can be used to identify one person from another. The DNA molecules were composed of 

nucleotides like adenine, guanine, thymine, cytosine, and pentose sugar joined by phosphate 

bonds. The uniqueness of an individual at the molecular level, or its genetic characteristics, is 

the foundation of DNA fingerprinting.  

 

It is unusual for one person to dominate an entire scientific field, but this is 

unquestionably the case with molecular marker-based investigative genetics; Head of the 

pack is Alec Jeffreys (figure 1). His primary concern was whether there was any variation in 

the restriction fragments of different individuals, and his initial method of addressing this was 

through restriction fragment length polymorphisms (RFLPs). Jeffreys was somewhat 

dissatisfied with RFLPs because they did not provide much genetic information, despite the 

fact that they would advance several areas of genetics research. Detecting and using it at the 

time was also difficult. From there, he opens the door for later researchers to discover DNA 

fragments that are a great deal more variable than typical RFLPs (26). After successfully 

isolating the myoglobin gene from the seal, Jeffreys discovered a minisatellite, a brief 

segment of DNA with tandem repeats, within the human myoglobin gene, from where his 

studies leads to human DNA finger printing (25).   

 

 
 

Figure 1: Alec J. Jeffreys 
 

For the plant taxon that is closely related, precise designation is required. 

Differentiating various plant genotypes and finding relatedness among plant species is 

inevitable in various branches of plant science and Ayurveda.  Botanical materials are 

differentiated using morphological, and anatomical traits along with chemical constituents 

present in them. Various scientific methods were employed to analyse and identify various 

botanicals from each other. Morphological evaluation, anatomical inspection and chemical 

profiling were the initial methods for the identification of botanicals. Comparative 

microscopic examination of the unprocessed drugs is part of the microscopic evaluation 
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process. In order to look for impurities in crude drugs, different chromatographic tools were 

used to profile the chemical patterns of the plant materials. However, all of these methods 

have limitations because plants can change their morphology and anatomical characteristics 

as well as their chemical composition simply by changing their habitat (63). 

 

Limited variations in plant species, prejudiced data collection and treatment, and 

environmentally induced flexibility were the major limitations in traditional analytical 

methods. A more advantageous and neutral method was offered by the molecular marker-

based identification approach. DNA markers are used in the disciplines of molecular biology 

to distinguish a specific DNA sequence from a group of unknowns and to preserve 

biodiversity. Genetic typing is mostly employed in plants for a variety of purposes, 

including the detection of genetic diversity and variability, paternity test, genetic mapping, 

identification of hereditary disease related mutant genes, crop cultivars selection, marker-

assisted breeding of wild cultivars, population studies and history, pharmacology, food 

safety, and the discovery of trait markers along with biodiversity protection (19).  

 

The 1980s saw a significant rise in the use of molecular markers in agriculture, which 

increased both commercial and scientific exploitation of knowledge regarding the abundance 

of agronomic and disease-resistant genes in significant crop species (17). Traditional 

breeding programmes require whole genome crossing and superior recombinant selection 

with a lengthy procedure involving numerous crosses and several generations of the 

candidate plants, making them arduous, time-consuming, and laborious to complete. It might 

be even more challenging to accomplish the desired goal if there is a close linkage between 

the undesirable loci and the desired loci. Molecular Markers should be easily available, 

reproducible and highly polymorphic showing co-dominant inheritance and recurrent 

occurrence in genome. It should be selectively neutral to environmental conditions. Getting 

the molecular marker for the aforementioned criteria is very difficult (34). Hybridization-

based markers and polymerase chain reaction (PCR)-based markers were used to categorise 

DNA typing.  In a previous method, a DNA molecule was visualised after being digested by a 

restriction endonuclease and hybridised with a probe of known sequence. In a later technique, 

a specific DNA sequence was amplified in vitro using PCR-based markers and thermostable 

DNA polymerase enzyme. The amplified product was separated and examined using the gel 

electrophoretic method, staining it with ethidium bromide or using autoradiography. 

Comparison of some widely used DNA marker systems in plant is shown in Table 1. 

 

Molecular markers based on isoenzyme protein molecules were initially used for 

genotype recognition (18). Protein extraction from plants with high amounts of 

polysaccharides and polyphenols was a major problem the scientists faced at that time. DNA 

molecules are easy to work with and will be more potent than proteins in producing an 

infinite amount of polymorphic data (51).  

 

DNA-based restriction fragment length polymorphism (RFLP) technique eliminated 

challenges related to the marker molecule extraction procedure as well as to the analysis of 

plants growing in remote areas.  Samples were usually transported to the laboratory in dried 

form on silica gel, and could be kept frozen until genomic DNA extraction. DNA isolation, 

restriction digestion of the obtained DNA, southern blotting filtering of the fragments, 

hybridization with locus-specific probes for detecting the fragments were the procedures of 

RFLP (11). Time consumption and developing species-specific hybridization probes were the 
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major constraints of RFLP. Even though it constitutes a well-known approach for genetic 

map construction as well as for finding relatedness among major crop plant species (66) (38), 

RFLP analysis was applied to chloroplast DNA, but not to mitochondrial DNA due to its 

highly conserved nature. Chloroplast DNA-based RFLP studies have been carried out mainly 

on an inter-specific level, as there is not much intra-specific variation in the cpDNA molecule 

(53). 

 

RFLP analysis based on probes synthesised from tandemly repeated DNA sequences 

in humans, other mammals, and birds inspired botanists to investigate the possibilities of 

applying this tool to plants as well (68). In 1988, restriction-digested DNA of Oryza sativa 

was hybridised with the human 33.6 minisatellite probe and using this, Dallas and coworkers 

(10) distinguished different rice cultivars from each other. Identical fingerprinting was shown 

by the offspring of an individual crop plant which was also expected as the plant is self-

pollinating. Reproductive mode determines the degree of variation between the parental and 

offspring lanes. Immense variation was present in the fingerprints of sexually derived 

cottonwood plants were as identical in inbred Tomato (58). Crop plants propagating 

vegetatively generally said to have monomorphic genotype. Appearance of certain variations 

in plant genotype due to somatic mutation can be investigated and manipulated using DNA 

fingerprinting (49). 
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Table 1: Comparison of some widely used DNA Marker Systems in Plants 

Marker description  RFLP RAPD AFLP ISSR SSR SNP 

Genomic abundance  High High High Moderate Moderate to high Very high 

Genomic coverage  Low–moderate  
Whole 

genome  
Whole genome  Whole genome  Whole genome  Whole genome  

 Inheritance  Codominant Dominant 
Codominant/ 

Dominant 
Codominant Codominant Codominant 

Codominant Level of 

polymorphism 
Moderate High High Moderate High High 

Reproducibility High Low High Moderate High High 

Effective multiplex 

ratio  
Low Moderate High Moderate Medium/ High Moderate to high 

Marker index  Low Moderate Moderate to high Moderate Moderate to high Moderate  

Quality of DNA 

required 
High Low Moderate  Low Moderate  High 

Technical expertise 

required  
High Low Moderate Low Low/ moderate High 

Automation Low Moderate Moderate/ high Moderate Moderate/ high High 

Cost per assay Moderate to high Low Moderate Low Moderate to high High   
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(GACA)4 and (GATA)4 were synthetic oligonucleotides used as RFLP hybridization 

probes in the initial stages of DNA fingerprinting, which were hybridized to short, tandem-

repeated sequences like microsatellites and simple sequence repeats (SSRs) in the genome. It 

will produce polymorphic fragment patterns (47). SSRs and SNPs were widely accepted as 

marker tools for genotype identification of crop plants and their wild relatives. As SSRs are 

multi-allelic, they have more polymorphic content than SNPs. SNPs were biallelic in nature 

and were distributed uniformly throughout the genome (79). Their nomenclature was much 

simpler than that of SSRs so it was more approachable in analyzing and handling the data 

(69). The International Union for the Protection of New Varieties of Plants (UPOV) approved 

these two markers as additional measures along with traditional morphological analysis for 

plant variety identification (64). 

 

The first report of the invention of a panel of SNP markers was done on pepper, 

through which they distinguished 100% of 17 sweet peppers and 97.5% of 81 commercial 

pepper cultivars (27). In 2011, Cabezast and his colleagues (6) developed a stable standard 

set of markers for grapewine genotyping by choosing 48 SNP markers that were evenly 

distributed in the genome. In 2018, Li et al (42), aligned the resequencing data of an inbred 

cabbage line, and selected 50 core markers from 2.54 million SNPs, and introduced DNA 

fingerprint data for 59 cabbage varieties. Zhang et al, in the year 2020 (76), aligned 182 

resequencing data sets of 261 cucumber cultivars by target SNP-seq, selected 163 core SNP 

markers from 4,612,350 SNPs, and introduced DNA fingerprint data of that many cucumber 

cultivars. In 2018, the 3000 Rice Genome Project (3 K RGP) opened up the sequence data of 

3024 rice germplasm library from the 780,000 rice samples in the global rice germplasm 

library with an average sequencing depth of 14X (69). 

 

  In the field of population genetics, now it is possible to evaluate the genetic variation 

pattern throughout the whole genome due to our capability to sample the genome at much 

higher densities (40). Ecology and conservation will be significantly influenced by the 

outcomes and understandings gained from this "population genomic" approaches. Plant 

phylogenies are currently constructed using numerous sets of nuclear genes and will be 

advantageous to plant systematists (15). Sequence characterization and comparison within 

large taxonomic distances will help to introduce novel nuclear markers. Orthology issues in 

polyploid phylogenetics may be addressed by direct sequence analysis of barcoded 

individuals (13). Ultimately, more precise phylogenies will make it easier to understand how 

species within recent radiations relate to one other. 
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Table 2: Summary of studies using DNA fingerprinting for Varietal Identification (54). 

 

 

Source: Poets A, Silverestein K, Pardey P, Hearne S, Stevenson J. DNA Fingerprinting for crop varietal identification: Fit-for-protocols, their 

costs and analytical implications. 2020 Apr

Author Kosmowski et al.  Maredia et al. 

Rabbi et al.  

Maredia et al. 

Rabbi et al. 

Floro et al.  

Floro et al.  lukor et al. 

n.d.  

Kilic (n.d.)  Wossen et al.  Yirga et al.  

Year  2016  2015–2016  2015–2016  2017 2017  2018 2016 

Country  Ethiopia  Ghana  Zambia Colombia Malawi  Uganda  Nigeria  Ethiopia 

Organism  Sweet potato  

(Ipomoea batatas)  

Cassava 

(Manihot 

esculenta Cranz)  

Bean 

(Phaseolus 

vulgaris)  

Cassava 

(Manihot 

esculenta 

Cranz) 

Cassava 

(Manihot 

esculenta 

Cranz)  

Maize (Zea 

mays)  

Cassava 

(Manihot 

esculenta 

Cranz)  

Maize (Zea 

mays) 

Ploidy number  Hexaploid 

(2N=6x=90)  

Diploid (2N=2x 

=36)  

Diploid 

(2N=2x=22)  

Diploid 

(2N=2x =36 

Diploid 

(2N=2x=36) 

Diploid 

(2N=10x=20) 

Diploid 

(2N=2x=36) 

Diploid 

(2N=2x=36) 

Genomesize 2.37 Gbp  772 Mbp  587 Mbp  772 Mbp 772 Mbp 2.5 Gbp 772 Mbp 2.5 Gbp 

Tissue collected  Leaf (individual)  Apical leaf 

(individual)  

Seed 

(individual)  

Stems 

(individual) 

Leaf 

(individual) 

Seed (bulk) Leaf 

(individual) 

Seed (bulk) 

Tissue for DNA 

extraction  

Leaf  Leaf  Young leaf  Stems Leaf Bulked seed/ 

crop cut 

Leaf Bulked seed/ 

crop cut 

Genotyping 

technology  

DArTseq GBS  KASP (SNP)  SNPY-chip 

(yuca chip) 

DArTseq DArTseq GBS DArTseq 

No. markers per 

sample  

Not reported 56,849  66  93 Not reported Not reported 52,899 Not reported 
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II. METHODS OF DNA FINGERPRINTING 

 

Numerous marker-based genotyping systems were developed after the establishment 

of RFLP in genotyping. The selection of an efficient marker method from these systems 

should be based on our experiment setup, cost, lab facility, expertise, and marker availability. 

Locus-specific microsatellite analysis (SSR) was the most widely used method for 

differentiating between plant cultivars in the mid-2010s, subsequent to RAPD, ISSR, AFLP, 

other nuclear DNA-based methods such as CAPS, DAMD, IRAP, REMAP, SNPs, SCAR, 

and SRAP, and organellar DNA-based methods (50). 

 

The most widely used marker-assisted technique was RFLP, which was very 

dependable and reproducible between labs. As the markers are inherited codominantly, 

genetic characterisation was readily apparent. Using this method, which combines various 

probes and enzymes, it was possible to identify both individual species and entire 

populations. The variable number of tandem repeats (VNTRs) is the source of variation here. 

The frequency of RFLP usage today is decreased by the requirement for high-quality DNA 

samples, high levels of automation, and laborious procedures.  

 

PCR-Based marker techniques use single oligonucleotide primers with arbitrary 

sequences for the PCR amplification of genomic DNA fragments, which produce multi-locus 

bands during electrophoretic separation. It gives information about multiple loci 

simultaneously. But these methods are not exactly reliable, but they provide robust 

identification. 

 

Random Amplified Polymorphic DNA (RAPD) (Figure 2), Arbitrarily Primed PCR 

(AP-PCR), and DNA Amplification Fingerprinting (DAF) are all referred to collectively as 

Multiple Arbitrary Amplicon Profiling (MAAP). RAPD is easier to understand than DAF and 

AP-PCR. The variation between them is brought on by changes to the amplification 

mechanism. According to Idrees and Irshad (24), changes can be made to the thermostable 

DNA polymerase type, the number of PCR cycles, the primer characteristics, and the 

annealing temperature. RAPD approach, also utilizes arbitrary primers for the amplification 

of gene fragments in a specific range and has become the most popular molecular marker 

technique (72). The 10 bp dominant primer will amplify a DNA fragment that is 

complementary to its sequence and does not require knowledge of the genomic sequence of 

the target prior to the experiment. It is a reliable and cost-effective technique for DNA 

bacterial strain typing (2). Mutation can cause variation in the banding pattern of the target 

gene fragment in RAPD diagram (46). Simple and cost-effective methodology and the 

requirement of a small amount of DNA samples were the resolutions of this technique. A 

single primer used in the RAPD technique primes multiple loci randomly distributed 

throughout the genome. So, it will produce a wide spectrum of amplicons, and hence the 

entire genome is available for amplification and analysis (7). 
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Figure 2: Random Amplified Polymorphic DNA 

 

Amplified Fragment Length Polymorphism (AFLP) technique (Figure 3), introduced 

by Zabeau and Vos (75), has become vary popular due to its multi-locus accessibility in a 

single experiment. It combines RFLP with PCR analysis by ligating the adaptors to the 

restricted DNA to obtain a large number of polymorphic bands. The representative DNA 

regions of the larger species distributed throughout the genome can be simultaneously 

screened and characterised by AFLP. It is not necessary for this technique to have prior 

sequence knowledge or to have made an initial investment in probe development. With the 

exception of the absence of restriction enzymes or any other inhibitors, the quality of the 

DNA sample can still be compromised in this situation. Here, a rare cutter (EcoRI or PstI) 

and a frequent cutter (MseI or TaqI) of two different types of restriction enzymes were used.  

 

Since the adaptors were made to ligate to both ends of the fragments to provide 

known sequences for PCR amplification, the original restriction site will not be restored after 

ligation. Only fragments with adaptor sequences and complementary base pairs to the 

additional selective nucleotides will result in amplification. Pre-amplification will be done 

with a single base pair of primers, and selective amplification will be done with a primer pair 

with a three base pair extension, both of which have complementary regions to the adaptor 

sequences. It can amplify a variety of DNA fragment subsets because the primers only differ 

by one base pair and the PCR conditions are strict. Visualisation methods included 

autoradiography, silver nitrate staining, and automated genomic sequencer (24).  
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Figure 3:Amplified Fragment Length Polymorphism (AFLP) 

 

Compared to other multi-locus molecular marker techniques, AFLP markers are 

highly versatile and productive and hence can be used for analysing a huge number of 

breeding accessions of crop plants together. The benefit of AFLP-PCR is the ability to 

characterise the entire plant genotype immediately by producing hundreds of precise and 

reliable markers developed from both polymorphisms of restriction and primer annealing 

sites. Biodiversity estimation can also be precisely carried out by this marker technique (12). 

 

In 1994, Gupta et al. (16) developed INTER SIMPLE SEQUENCE REPEAT (ISSR), 

a molecular marker technique based on a microsatellite-complimentary primer sequence. It 

amplifies the DNA fragment located between two adjacent but oppositely oriented 

microsatellite repeat regions in the target DNA that are present within an amplifiable distance 

(Figure 4). Simple Sequence Repeats (SSRs) typically range in size from 15 to 25 bp and 

target multiple DNA loci to produce amplification products with inter-SSR sequences of 

various sizes. They are polymorphic in nature and can be di or tri-nucleotides. Due to its high 

polymorphism, ISSR is chosen as a marker in genetic diversity and mapping, evolutionary 

biology, and phylogenic studies (56).  Despite mostly following simple Mendelian 

inheritance, these markers' ability to distinguish between homozygote and heterozygote was 

demonstrated by the segregation of some of them as co-dominant markers (59). Similar to 

RAPD and AFLP, no prior knowledge of the candidate's genomic data is necessary here. 

Novel gene loci in maize cultivars were found using one ISSR and one RAPD primer (R-

ISSR) (73). 
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Figure 4: INTER SIMPLE SEQUENCE REPEAT (ISSR) marker made up of two 

closely spaced SSR sequences with the same repeat unit but different orientation. 

 

ISSR has advantages over RAPD and RFLP with strong polymorphism, stability, 

reliability, reproducibility, cost-effectiveness, and smooth operation (78). In spite of this, 

when all three methods were employed on the same plant material, they typically yielded 

almost the same estimates of genetic diversity and genetic distances (71). 

 

Microsatellites are highly variable tandem repeat motifs, also referred to as short 

tandem repeats (STR), simple sequence repeats (SSR), and variable number tandem repeats 

(VNTR). In the nuclear DNA of various organisms, mono-, di-, tri-, tetra-, penta-, and hexa-

nucleotide repeats can be found. Trinucleotide repeats are more typical in plants than in 

vertebrates, which are distinguished by their high frequency of occurrence (9). The primers 

used in the PCR amplification of microsatellite DNA are two distinct sequences that are 

complementary to the flanking regions. The formulation of correctly working primers is 

frequently a time-consuming and expensive process. Microsatellites are strong for a variety 

of applications though once they are developed and characterised in an organism. 

 

Sequence-related amplified polymorphism (SRAP), one of the most frequently used 

methods in genetic analysis, uses PCR to identify variations in intron, promoter, and spacer 

lengths between individuals and species. In SCAR marker technology, lengthy primers with 

an average size of 23 bp were created based on the sequencing results of Multiple Arbitrary 

Amplicon Profiling (MAAP) fragments or RAPD marker terminals after their cloning. Short 

random repeats from different target organisms show a high degree of similarity. The 

presence or absence of a band on the autoradiogram or the stained agarose gel was used to 

analyse sequence variation. These molecular markers exhibit both dominant and co-dominant 

inheritance and are extremely reliable and reproducible. SRAP has been widely used in the 

analysis of genetic diversity, creation of genetic maps, mapping of essential traits, and 

cloning of related genes in several plant species, including grape, plum, and mangoes, due to 

its simplicity and effectiveness (77).  
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Targeting ESTs, the TRAP fingerprinting technique identified and analysed 

polymorphism of candidate genes.  A random primer with an AT- or GC-rich core that can 

anneal with an intron or exon will be used as one of the two primers in this case, while the 

other will be complementary to the EST sequence, Sequence-Related Amplified 

Polymorphism (SRAP) and Target Region Amplification Polymorphism (TRAP) methods 

have two major common characteristics, including the use of two primers of about 18 

nucleotides in length and flexible PCR conditions during the initial five amplification cycles. 

 

Cleaved Amplified Polymorphic Sequence (CAPS) markers combine RFLP and PCR 

based marker assisted techniques as they work based on the restriction enzyme digestion of 

PCR amplified products. PCR-RF-LP was the initial acronym used to describe CAPS. The 

number or distribution of polymorphic sites, DNA extraction, and PCR conditions are all 

crucial factors in the CAPS marker approach. It completely avoids the challenges associated 

with probe development and blotting. The polymorphism in CAPS markers only depends on 

the variability in the restriction fragmentation site and exhibits co-dominant inheritance. 

CAPS primers were created using the EST sequences of potential organisms rather than non-

functional regions, such as microsatellite markers (77). 

 

The PCR-based marker known as random amplified microsatellite polymorphism 

(RAMP) combines markers from the simple sequence repeat (SSR) and random amplified 

DNA polymorphism (RAPD) classes. The repeat sequences in the primers are labelled, have 

a 5′ anchor, and may or may not have a RAPD primer.Two temperatures are used for PCR in 

order to allow for proper melting and annealing. To ensure that only bands obtained by 

anchored labels are detected, PAGE with label detection is used (44). 

 

SSCP stands for Single-Strand Conformation Polymorphism. Due to variations in the 

quantity and type of bases, SSCP can identify differences in the electrophoretic mobility of 

single-stranded DNA. A quick and accurate method for genotyping mutations is single-strand 

conformational polymorphism (SSCP) analysis. The SSCP analysis method is based on the 

idea that single-stranded DNA has a specific conformation (55). Target sequences are 

amplified by PCR, and then the double-stranded DNA is denaturated to produce single 

strands. These latter sequences develop three-dimensional shapes that vary in electrophoretic 

mobility between sequences with even minor base differences. 

 

Molecular markers can utilize direct amplification of minisatellite DNA as well as 

microsatellite DNA. Direct Amplification of Minisatellite DNA (DAMD) and Selective 

Amplification of Polymorphic Microsatellite Loci (SAMPL) use primers that are specific for 

minisatellites and microsatellites respectively (8). Conserved domains in the plant-resistant 

genes of DNA samples can be used as PCR primers for marker techniques, and that approach 

was termed Resistance Gene-Analog Polymorphism (RGAP). The conserved regions of 

resistance genes, such as the protein kinase domain, leucine-rich repeats, and nucleotide-

binding site, are used to create RGAP markers (3). The Diversity Arrays Technology (DArT) 

involves the priming of fluorescent DNA probes and a set of target DNAs spotted onto a 

microarray, and sequence information is not needed for this (41). 

 

There are many retrotransposon elements in the eukaryotic genome that show 

specificity and uniqueness and help in inventing relatedness among species. The greater the 

divergence between species, the more variation there will be in a particular sequence of 
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retrotransposon elements. So, mobile elements can also be used as molecular primers for 

finding the relatedness of related species (30). Inter-Retrotransposon Amplified 

Polymorphism (IRAP) includes the identification and analysis of mobile element mutation 

site polymorphisms combined with the PCR technique. IRAP is based on PCR amplification 

of the DNA fragments between two adjacent LTR retrotransposons using a single LTR 

primer (28). 

 

The Inter-Primer Binding Site (iPBS) amplification technique does not require 

knowledge of the sequence databases of retrotransposons. Reverse transcriptase site (PBS) in 

LTR retrotransposons can normally bind to the universal complement tRNA. This binding 

mechanism combined with PCR methods was used in the IPBS amplification technique (29). 

Another PCR-based marker technique, the Retrotransposon Microsatellite Amplified 

Polymorphism (REMAP) like IRAP, requires retrotransposon-specific primer pairs. One of 

the primer pairs binds to the LTR retrotransposon sequence, and the other binds to the 

microsatellite sequence and acts as an anchored primer (28). 

 

RBIP, or RETROTRANSPOSON insert polymorphism produces a PCR fragment 

containing the insertion by using a transposon-specific c primer in conjunction with a primer 

complementary to the flanking region.  Primer sets specific to both of the flanking regions 

will produce a fragment if the insertion is missing (20). 

 

In microarrays, also called chips, a significant amount of probe-hybridized DNA 

samples are immobilised on a nylon or glass slide. The main applications of the microarray 

technique are the detection of adulteration in food and medicine, identification of genomic 

constituents, and SNPs.  Some of the microarray-based marker technologies include DArT, 

SSHA, SDA, oligonucleotide and gene-based microarrays. Single base differences in the 

gene pool were found using PCR amplification, cloning, and microarray spotting of chosen 

gene fragments after restriction digestion of the gene pool. The Diversity Array Technology 

(DArT) used for these molecular markers, although the method is reliable and instructive, it is 

very expensive and necessitates high levels of automation (52). 

 

Molecular genotyping using Subtracted Diversity Array (SDA) have two gene pools 

in which the latter one is the target sequence and used as microarray probe. Here pooled 

genomic DNA sample was extracted from the second Genomic pool from which DNA 

fragments unique to the second set is obtained. In Oligonucleotide and Gene-based 

Microarrays, Species-specifi c oligonucleotide sequences are used as probes. Target genomic 

DNA is sheared labelled and studied. Suppressive Subtractive Hybridisation Array (SSHA) 

greatly increases the probability of capturing polymorphic DNA fragments, even in small 

occurrence, by eliminating common sequences from the target samples (35). 

 

PCR-amplified single-locus microsatellite markers pave the way to becoming the 

major choice of scientists because of their high reproducibility and excellent polymorphism 

in the number of tandom repeats (62). Here, a pair of microsatellite-flanking primers were 

used for the PCR amplification of the targeted gene fragment. Sequence-Characterised 

Amplified Regions (SCARs) are locus-specific markers in which specific primers were 

designed for amplifying a particular band of RAPD results (4). Polymorphic Sequences 

(CAPS) approach (37). 
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SNPs became the prominent genotyping technique as it simultaneously screened a 

large number of SNP loci. Numerous technologies have been established for SNP discovery 

and genotyping (1). The occurrence of SNPs in plant genomic DNA depends mainly on the 

specimen selected and the genomic region investigated. Commonly, there will be one SNP 

within 100 to 500 bp of genomic DNA, which also varies. Highly established High-

throughput sequencing systems increase the efficiency of SNP identification, which is done 

by analysing multiple copies of similar DNA fragments. All significant crop species already 

have SNP markers in effect, especially those for which complete genome sequences are 

available (14). The development of precise, high-throughput, and low-cost fingerprinting 

techniques provides SNPs with a major role in genetic relatedness checks, plant breeding, and 

molecular-assisted selection (5). 

 

The DNA sequencing method developed by Sanger and colleagues involved in vitro 

replication of the target DNA through the selective addition of chain termination 

nucleotides. Different DNA typing techniques use sequencing as a key step. One of the main 

technologies that uses sequencing is DNA barcoding to identify and characterise plant 

genotypes from a mixed gene pool. Some of the universal primers used singly or in 

combination for the barcoding process include trnH - psbA, trnL (P6), nrITS, nrITS2, accD, 

matK, ndhJ, rpoB, rpoC1, ycf5, atpF - H, psbK - 1, rbcL, and rbcLa (67). Next-generation 

sequencing (NGS), a new generation sequencing technique, first appeared in the middle of 

2012. The three primary sequencing techniques used in NGS are single-molecule sequencing, 

sequencing by ligation, and sequencing by synthesis. Exploration of whole genome and 

transcriptome data of model and non-model plants occurs abruptly as a result of the 

exponential growth of the bioinformatics domain and next-generation sequencing. By 

enriching specific regions prior to sequencing, transcriptome sequencing and restriction site 

associated DNA sequencing (RADseq) reduce the complexity of enormous datasets (23). 

 

Chloroplast DNA is most commonly used in organellar DNA-based technique. Lack 

of recombination in the chloroplast genome leads to the haplotyping of that particular 

individual. Investigation of phylogenetic and phylogeographic relatedness requires a low 

mutation rate in the specimen genome, which is found in plastid DNA. These markers may 

also be used to trace uniparental lineages over considerable gaps in time and space. 

 

1. Advantages of DNA fingerprinting 

 

 Proper identification of plant species belonging to related taxa and finding their 

relatedness is necessary for the botanical world. Such identification will allow the examiners 

to determine the adulterant materials in the original specimens. In the early decades, 

morphological characters such as shape, size, colour, texture, fracture characteristics, odour, 

and taste were used for discriminating plant samples. Anatomical, chemical, and comparative 

microscopic inspections were also done during such investigations. All these protocols 

worked well together and were usually employed. The main issues that researchers faced 

when using these conventional methodologies were less variation between the plant 

materials, sampling errors, treatment errors, and environmental plasticity. 

 

 Chemical fingerprinting establishes a characteristic chemical pattern for each plant 

sample. Qualitative and quantitative determinations of impurities in plant precursors of drugs 

were done using various chromatographic tools. These techniques have limitations, though, 



Futuristic Trends in Herbal Medicines and Food Products 

e-ISBN: 978-93-6252-403-4 
IIP Series  

FUTURISTIC TRENDS IN THE AUTHENTICATION  

AND EVALUATION OF PLANTS 

 

Copyright @ 2024 Authors                                                                                                                           71 

because the composition and relative amounts of chemicals in a given plant species vary 

depending on the growing environment, the time of harvest, and the storage conditions. Each 

herb contains a large number of chemicals, and therefore, it is a tedious process to check the 

presence of all the compounds of interest in plants. DNA fingerprinting plays a crucial role in 

the authentication of plant specimens as it overcomes almost all of the limitations of 

traditional genotyping methods (63). 

 

 Molecular markers have a significant role in the detection of adulteration because they 

can distinguish one genotype of plant from other mixed genotypes. By utilising its primer 

amplicon length, the SCAR genetic marker was used to distinguish between the main 

adultarants of the Angelica species (commonly referred to as Jeonho in Korea).  A. decursiva 

has an amplicon length of 363 bp, whereas A. sylvestris has a specific amplicon length of 273 

bp. The amplicon primers for A. decursiva and P. praeruptorum are 145 bp and 305 bp, 

respectively. Using an AFLP genetic marker, adulterant samples of Zanthoxylum 

acanthopodium and Z. oxyphyllum were distinguished from genuine samples. 

 

 In the late nineties, genotypes of both wild and crop plants were identified using DNA 

fingerprinting. In some instances, estimates of genotype similarity based on DNA show a 

relatively close correlation with earlier estimates based on morphology, but in other 

instances, there are also significant discrepancies. In some case studies, variations within a 

taxonomic level may be a positive factor, but in others, they will be negative. In both cases, 

various questions can be answered by inventing plant species by molecular marker 

techniques. 

 

 DNA fingerprints derived from plant fragments should be able to provide significant 

evidence in criminal investigations, but progress has been slow thus far, most likely as a 

result of difficulties in isolating DNA of sufficient quality from poorly preserved plant 

material. SRR markers can overcome this problem as they can use even highly degraded 

DNA samples. However, one well-known early case involved RAPD examination of Palo 

Verde tree seed pods found both at the crime scene and in a suspect's truck (74). A variety of 

DNA marker techniques have been employed to prove violations of plant breeders' rights. A 

related area of study involves the identification of plants whose possession is prohibited. As a 

result, numerous studies on the identification of Cannabis sativa specimens as part of drug 

enforcement have been published (36). 15 SSR loci were combined into a single multiplex to 

discriminate between Cannabis genotypes perfectly (22). 

 

 Evolutionary influences of natural selection, mutation, gene flow, and genetic drift 

were common in wild plant populations and were studied using molecular markers. The 

partitioning of genetic variation between and within populations, as well as gene flow, are 

both significantly influenced by the breeding system. With DNA markers, interbreeding 

between populations has been shown to occur in a variety of outcrossing plant species. 

Artificial seed disposal methods, like anthropogenic disposal, also cause variation in the gene 

flow of a species. Spatial autocorrelation analysis for studying spatial scale-dependent 

changes in DNA marker polymorphism within a group of closely occurring populations is an 

important advantage of DNA fingerprinting. 

 

 Polyploidy and the fusion of gametes from two different entities are common in 

plants. Several types of markers can be used to identify the putative progenitor species of 
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polyploids, such as the internal transcribed spacer (ITS) region in the nuclear and ribosomal 

RNA gene clusters, which was sequenced and examined in, for instance, polyploid rose 

cultivars and species (57). In plant systematics, multi-locus DNA profiling techniques like 

AFLPs are now the most popular DNA fingerprinting tool, especially when DNA sequencing 

results in insufficient phylogenetic resolutions. 

 

 The degree of relatedness between the candidate species is demonstrated by the 

uniqueness and variation of retrotransposon elements found in the genomes of various plant 

species. The sequences of a particular retrotransposon show a high degree of similarity when 

two botanical species are closely related, whereas if they are not, the sequences diverge. It is 

a fact that if these plant species are distantly related, the conserved regions of the sequence 

may also diverge. For instance, the sequences of particular mobile elements were the same in 

the grass family.  Nearly all of the sequences of particular retrotransposon elements were the 

same in wheat and agelops. It will decrease by almost 10% when the relatedness decreases, as 

in the case of Hordeum. Retrotransposon components are therefore useful for genetic 

typing. The most conserved regions in these mobile elements can be used to design PCR 

primers (30). 

 

 Advancement in high-throughput sequencing approaches leads to the large-scale 

identification of SNPs and SSRs. Multiplexed SNP-based genotyping by sequencing methods 

has been used in many crop plants and model plants. Huge analytical procedures were taking 

place for the identification and characterization of wild varieties of crop plants that lack a 

reference genome (61). The limitations of conventional marker methodology are now 

overcome by the capacity to sample the genome at much higher densities than ever before, 

enabling for the first time the analysis of genetic variation patterns throughout the entire 

genome (65). 

 

 After splicing the intron sequences, unstable mRNA samples were reverse transcribed 

to cDNA that only contains protein-coding exons. These cDNA sequences are known as 

expressed sequence tags (ESTs), which are created by sequencing the 5′ or 3′ ends of the 

sequence to create 5′ ESTs or 3′ ESTs, respectively. Exons, which are conserved throughout 

the gene family, are used to create 5′ ESTs. Untranscribed regions of genomic DNA are the 

source of 3′ ESTs. ESTs are created from cDNA libraries and will offer a vast amount of 

information about each organism's genes, including information on their structure and 

function (79). 

 

 EST-based SSR primers are designed using pattern-finding computer programmes 

from the target organism's available sequence data. The best sources for SSRs marker 

preparation are EST sequence databases because the twenty-mer markers can be best 

screened from them. These molecular markers typically have more conserved transcribed 

regions than untranscribed regions. Compared to SSRs derived from untranscribed regions, 

SSR markers of transcribed genomic origin are more closely associated with differential gene 

expression. 

 

 Geneticists and plant breeders use molecular marker assisted technologies for 

molecular breading, MAS, genetic mapping, genome profiling, and characterization.  A 

number of new molecular marker technologies can enter the sector through high-throughput 

genotyping platforms and develop and advance at a rapid rate. GoldenGate assay, 
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Genotyping-in-Thousands by Sequencing (GTseq), Diversity Arrays Technology, and NGS-

based high-throughput hybridization platform systems (digitalMLPA [Multiplex Ligation-

dependent Probe Amplification] and Molecular Inversion Probes [MIP]) are a few of the 

techniques that were developed through this door and improved the cost-effectiveness and 

sturdiness of these marker technologies. Along with high throughput sequencing, low-

throughput molecular markers, such as Kompetitive allele-specific PCR (KASP) (45), were 

created to track specific genomic regions and assisted plant breeders in analysing a large 

sample of mixed species (31) (33). 

 

 Single nucleotide polymorphism (SNP) markers will be the best option for the 

genome-wide marker scanning in high-throughput genotypic platforms. However, the 

discovery of SNP-based markers quickens the pace of inquiries into genetic diversity. 

Insertion/deletion polymorphism (InDel), which involves the addition or deletion of a 

sequence from the genome, has significant consequences. In order to obtain high throughput 

knowledge about genomic diversity, variation, relatedness, and evolution, mobile element 

sequence-based molecular markers are crucial. Genome profiling based on interspersed 

repeats is an effective tool for genetic plant breeding programmes. They exhibit a high level 

of polymorphism and are used in population genetics studies. Along with whole genome 

sequencing, next-generation sequencing platforms now concentrate on specific regions of 

interest like TE with high levels of polymorphism. Almost all current PCR methods that 

involve locating and analysing repetitive elements can be adapted for use with contemporary 

NGS platforms. 

 

 Sequence tagged site (STS) is a unique small sequence that can only be found once 

throughout the entire genome. This specific sequence at that locus is regarded as the primer. 

After its discovery and examination in the human genome, STS was adopted to establish 

plant genomic studies. As long as the locus can be cloned and sequenced, it is possible to 

develop the primers for such markers from any sequence. High reproducibility and robustness 

of STS DNA markers demonstrate co-dominant inheritance. After cloning, the terminal ends 

of RAPD bands were sequenced to create STS in the form of SCARs. The repeatable 

sequences of the amplified loci were used to create RAMS primers, which are an adaptation 

of RAPD. It offers a better molecular marker for the scientific community because it is easier 

to transfer and duplicate.  Numerous crop species were successfully genotyped using RAMS 

markers and AFLP and STS combinations (77). 

 

 By omitting the time-consuming and expensive protocols, several NGS platforms, 

along with genomics, proteomics, transcriptomics, epigenomics, and metabolomics, 

revolutionised the genotyping and genetic approaches to plants.  The fields of genomics, 

proteomics, transcriptomics, epigenomics, and metabolomics collectively known as "omics" 

advanced high-throughput genotyping platforms. As model and non-model plants can be 

genetically profiled using these new technologies, NGS and omics have become the method 

of choice for scientists (32). High-quality reference genome sequences are typically present 

in model plants, but not in non-model crop plants. Even the actual whole genome data is 

lacking. But now we can genotype non-model plants using this high throughput sequencing 

platform. These marker-assisted NGS platforms can be used for quantitative genetic studies, 

genotyping progeny for MAS, or resolving phylogeographies of wild populations. 

Identification of genomic regions with the recombinant breakpoint that are differentially 

expressed in botanicals is aided by linkage mapping or (Quantitative Trait Locus) QTL. 
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Omics investigates a vast amount of metabolites, genes, and proteins for the continuous and 

thorough analysis of tissue-specific variation found in plants, which are typically extremely 

sensitive to even the smallest habitat changes. It will provide the characteristics of botanicals 

available on digital platforms as database repositories. By utilising the data repositories in the 

digital platform, the integration of omics with agricultural breeding programmes enhances the 

production of crop varieties with a value-added trait. It will assist the commercial wing of 

seed production in plant breeding programmes (43). 

 

2. Limitations of DNA fingerprinting 

 

 Excessive mutation rates in plant species cause methodological artefact such as bad 

reproducibility of molecular markers as well as biological artefacts such as insufficient 

germline stability of DNA fragment sequences. This problem is very common in SSRs, 

which are the highly sensitive markers (60). It was proved that S-SAP markers can 

distinguish clones developed after somatic mutation or after recombination within two similar 

species (21). Typically, species-specific sequence data is used to design S-SAP primers, but 

positive results have also been obtained using universal retrotransposon-based databases (70). 

 

DNA isolation from processed plant samples is a challenge for scientists. Molecular 

marker system is costly also. This marker technique cannot identify the active chemical 

constituents in the sample along with genotyping. Hence molecular and chemical 

fingerprinting techniques has to be done together. When the two samples used for 

fingerprinting get mixed, markers then do not have any role in it due to meiotic 

rearrangements (39). High throughput sequencing in plant species provided a huge set of 

sequence databases to the scientific community. So today it is necessity to employ more than 

one locus to attain species-level discrimination across the angiosperm species. It is now 

compulsory to analyze algorithms for combining barcoding sequences from more than two 

regions of DNA to yield species-level unique markers. 

 

III. CONCLUSION 

 

Proper identification of plant species belonging to related taxa and finding their 

relatedness is necessary for the botanical world. Traditionally such identification procedures 

were conducted through morphological, anatomical, and chemical investigations. Chemical 

fingerprinting markers are complex in nature and has limitation in standardisation procedure 

of plant specimen. Efficient sequencing and genetics studies innovated the researchers to 

explore various molecular markers for genotyping various crop plants, medicinal plants and 

economically important plants. Various DNA fingerprinting methods and their advantages 

and limitations were briefly reviewed in this chapter. Molecular markers are the most 

effective fingerprinting technique than all other ones due to their precise analytical nature. 

Sudden flourishing of various markers after the discovery of RFLP, increased the choices for 

selection of markers in the investigations. And according to our data set and sample material 

we can choose any of this marker. Molecular and chemical fingerprinting techniques has to 

be done together for genotyping along with chemical profiling. Even though molecular 

markers open up a lot of possibilities for genotyping and related fields, they cannot 

completely replace other markers. It can serve as an illustrative complement to other 

genotyping techniques. Sustainable development is improved through increased food 
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production and nutrient availability through a better understanding of diversity and genetic 

makeup. 
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