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ABSTRACT 

The chemical structure of DNA is the same in all organisms. But the order of 

the base pairs differs in different organisms and even within varieties. There 

is a difference in sequence of the bases in DNA of a specific sample. Using 

these sequences, every specimen could be identified solely by the sequence 

of their base pairs. DNA Fingerprinting (also called DNA testing, DNA typing or 

DNA profiling) is a technique used to distinguish between different species 

and also between individuals of the same species. DNA fingerprinting 

therefore involves the display of a set of DNA fragments from a specific DNA 

sample. Most DNA fingerprinting techniques involve the use of PCR for 

detection of fragments. The choice of what particular fingerprinting technique 

to use, is dependent on some factors. These are DNA typing, DNA marker 

mapping and the organism under investigation e.g. prokaryotes, plants, 

animals, humans. AFLP technique has been extensively used with plant DNA 

for the development of high-resolution genetic maps. Its application is 

expanding for determining genetic relationships and for epidemiological 

typing in bacteria provides a rapid and higher eukaryotes. AFLP marker is 

dominant in nature and provides rapid solution. This review describes the 

AFLP applications in the molecular fingerprinting of DNA from different plant 
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genotypes. 

 

INTRODUCTION 

For the identification and typing of prokaryotic and eukaryotic organisms at the DNA level, various methods have 
been developed which differ in their taxonomic range, discriminatory power, reproducibility and in standardization. 
The ideal genotyping method produces results that are invariable from laboratory to laboratory and allows 
unambiguous comparative analyses and the establishment of reliable databases. 

Types of Molecular Markers: 

DNA markers are fragments of DNA revealing variations or mutations to detect polymorphism between different 
genotypes of a gene for a particular sequence of DNA in a population or gene pool. DNA marker technology has 
resulted in a wealth of genetic markers (like RFLPs, RAPDs, AFLPs, microsatellites or simple sequence repeat (SSR), 
and single nucleotide polymorphism (SNP) with potentially widespread utility. 

RFLP's (Restriction Fragment Length Polymorphisms) 

In RFLP analysis, restriction enzyme-digested genomic DNA is resolved by gel electrophoresis and then blotted 
probes a nitrocellulose membrane. Specific banding patterns are then visualized by hybridization with labeled 
probe. 

RAPD's (Random Amplified Polymorphic DNA) 

RAPD is a molecular marker based on the differential PCR amplification of a sample of DNAs from short 
oligonucleotide sequences. In 1991 Welsh and McClell developed a new PCR-based genetic assay namely 

randomly amplified polymorphic DNA (RAPD). This method detects nucleotide sequence polymorphisms in DNA by 
using a single primer of arbitrary nucleotide sequence. 

AFLP's (Amplified Fragment Length Polymorphisms) 

AFLP is a molecular marker generated by a combination of restriction digestion and PCR amplification. This is a 
technique based on the detection of genomic restriction fragments by PCR amplification and can be used for DNAs 
of any origin or complexity. This technique thus shows an ingenious combination of RFLP and PCR techniques and 

is extremely useful in detection of polymorphism between closely related genotypes. 

SSR markers 

SSRs (or microsatellites) short tandem repeats (STRs) are PCR-based markers. They are randomly tandem repeats 
of short nucleotide motifs of 2-6 bp/nucleotides long. Di-, tri- and tetra-nucleotide repeats are widely distributed 
throughout the genomes of plants and animals. The copy numbers of these repeats are the source of polymorphism 
in plants. 

SNP markers 

An SNP is a single nucleotide base difference between two DNA sequences. Single base variants in cDNA (mRNA) 
are considered to be SNPs as are single base insertions and deletions in the genome. The simplest form of 
molecular markers as a single nucleotide base is the smallest unit of inheritance through SNPs technique and it 
can provide maximum markers. 

About Amplified Length Polymorphism (AFLP) 
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An increasing number of reports describe the use of AFLP analysis for plant and animal genetic mapping, 
phylogenetic studies. This review describes its applications in different plant samples. In the year 1993, Zabeau 
first developed the AFLP technique. Later Vos et al. (1995) described the AFLP technique as being based on the 
detection of restriction fragments by PCR amplification. Xu et al. (1999) suggested AFLP, as the most efficient way 
to generate a large number of markers that were linked to target genes. 

 

AFLP Procedure 

AFLP is a DNA fingerprinting technique that combines both PCR-based and hybridization-based fingerprinting. The 
analysis belongs to the selection of restriction fragment amplification techniques, which are based on the ligation of 
adapters (i.e., linkers) to genomic restriction fragments followed by a PCR-based amplification with adapter specific 
primers. A small amount of purified genomic DNA is needed which is then digested with two restriction enzymes 
(like EcoRI and MseI or TaqI). Double-stranded oligonucleotide adapters are designed and are allowed to re-ligated 

with DNA fragments. These adapter-ligated fragments are then subjected to two subsequent PCR amplifications 
with adapter-specific primers with an extension of 1 to 3 nucleotides running into the unknown chromosomal 
restriction fragment. The PCR primer which spans the average-frequency restriction site is labeled. 

After polyacrylamide gel electrophoresis a highly informative pattern of bands is obtained. The patterns obtained 
are polymorphic due to mutations in the restriction sites, mutations in the sequences adjacent to the restriction 
sites and complementary to the selective primer extensions, and insertions or deletions within the amplified 

fragments. 

Advantages of AFLP 

1. Only small amounts of DNA are needed.  

2. No prior sequence information is needed for amplification. Unlike randomly amplified polymorphic DNAs 

(RAPDs) that use multiple, arbitrary primers and lead to unreliable results, the AFLP technique uses only 

two primers and gives reproducible results.  

3. Many restriction fragment subsets can be amplified by changing the nucleotide extensions on the adaptor 

sequences. It has the capability to amplify between 50 and 100 fragments at one time.  

4. High resolution is obtained because of the stringent PCR conditions.  

5. The AFLP technique works on a variety of genomic DNA samples. 

Disadvantages of AFLP  

1. High quality of DNA is required  

2. Complicated methodology.  

3. AFLP technique is costlier than RFLP and RAPD techniques.  

4. Biologically hazardous radioactive chemical are required. 

5. AFLP has become extremely beneficial in the study of taxa including bacteria, fungi, and plants, where 

much is still unknown about the genomic makeup of various organisms. 

6. Applications in Plant Genetics 

AFLPs were used in the majority of population genetics for diversity and genetic variation studies. Several studies 
have used AFLP markers in phylogenetic analyses. Kardolus et al. (1998) applied AFLP technique to study 
evolutionary trends in Solanum species. He concluded that the choice of primer influenced the number of bands 
amplified and the level of polymorphisms found, which is ultimately linked to the taxonomic level of the 
investigation. Aggarwal et al. (1999) investigated the phylogenetic relationships among Oryza species using AFLP 
markers. Onopordum represented a diverse weedy genus in Australia. O’hanlon (1999) studied genetic 

relationships among four naturalized species through AFLP technique. The result showed that plants of 
intermediate morphology are also genetically intermediate. 
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Molecular data proved that commercial cotton G. hirsutum and G. tomentosum which had been originated following 
transoceanic dispersal were close to each other (De Joode and Wendel 1992; Wendel et al. 1995; Cronn et al. 
1996; Seelanan et al. 1997). Hawkins (2005) established genetic markers to identify genomic fragments unique to 
each species through AFLP (Amplified Fragment Length Polymorphism) analysis. 

AFLP molecular markers were used to investigate the genetic relatedness between cultivated cassava (Manihot 
esculenta) and two naturally occurring species, Manihot flabellifolia and Manihot peruviana by Colombo et al. 

(2000). Manihot flabellifolia and M. peruviana species proved to be so closely related that the markers used were 
unable to group them separately. From a botanical standpoint, these species were also extremely similar. 

To analyze genes involved in the thermo tolerance of the legume and rhizobium symbiosis, cDNA-AFLP was carried 
out in cowpea nodules (Simoes-Araujoa, 2002) which were subjected to heat stress (400 C for up to 2 h). The cDNA-
AFLP revealed a total of 600 bands of which 55 were up-regulated and 9 were down-regulated. The polymorphic 
bands were cloned, sequenced and were analyzed by BLAST tool which showed significant homology with known 

proteins, such as Phaseolus vulgaris low molecular weight heat shock protein, Medicago sativa putative wound 
induced protein, disease resistance protein, xylan endohydrolase isoenzyme and pherophorin protein from 
Arabidopsis thaliana. 

Using AFLP analysis an attempt was made to find more markers linked to powdery mildew (obligate parasite) 
resistance in mung bean (Vigna radiata var. sublobata) by Chaitieng (2002). Among approximately 5700 fragments 
visualized by AFLP analysis, four polymorphic fragments were confirmed to co-segregate with powdery mildew 

resistance among individuals. 

Sholihin (2002) used AFLP markers for mapping of drought resistance in mung bean. Among 103 AFLP markers, 70 
markers were mapped to nine linkage groups which covered a total map length of 655.5 cm with an average 
distance of 10.7 cm between markers. 

The genetic relationships among 20 species of Arachis were established based on AFLP technique (Gimenes, 
2002). 408 fragments were detected using three pairs of primers of which majority were polymorphic. AFLP proved 

a very useful technique in establishing the genetic relationships among 20 different Arachis species which were 
grouped into three clusters. 

The amount of genetic diversity and genetic relation among contrasting bambara groundnut [(Vigna subterranea 
(L.) Verdc] landraces from different growing regions in Africa was investigated by Massawe (2002) using 
fluorescence-based AFLP markers. The study demonstrated that there was considerable diversity in landraces of 
bambara groundnut and there were no two landraces that produced identical banding patterns. The high levels of 

genetic polymorphism indicate that most of these landraces are highly diverse from one other. 

Ouédraogo (2002a) employing AFLP analysis in combination with Bulked Segregant Analysis (BSA) led to the 
identification of AFLP markers linked to genes conferring resistance to Striga gesnerioides in cowpea (Vigna 
unguiculata). In the same year Ouédraogo (2002b) also concluded a genetic linkage map based on the segregation 
of various molecular markers and biological resistance traits in cowpea (Vigna unguiculata L. Walp.). Amplified 

fragment length polymorphism (AFLP), linked biological resistance traits, resistance genes, and resistance gene 
analogs (RGAs) were scored for segregation within the parental and recombinant inbred lines. Coulibaly (2002) 
carried out AFLP analysis to study genetic variation among and within domesticated and wild annual accessions of 
cowpea [Vigna unguiculata (L.) Walp]. AFLP data showed that wild annual variety originated in East Africa and 
spread westward and southward. This migration was accompanied by a change towards a more annual lifespan 
and a more selfing breeding system. 

Kaga et al. (2004) analyzed the intraspecific variation in two widely distributed taxa, V. radiata var. sublobata 
(Roxb.) and V. trinervia (Heyne ex Wight & Arn.) through AFLP and RAPD analysis. The results supported the 
taxonomic revision of V. radiata var. sublobata and V. trinervia into two distinct species. 

The AFLP fingerprinting result had helped to develop specific molecular markers such as SCAR (sequence 
characterized amplified region). Sun et al. (2005) developed specific molecular markers (SCAR markers) by cloning 
and sequencing of the specific AFLP products from twenty-seven Porphyra lines. Their result facilitated the 

identification, classification and resource protection of Porphyra lines. 
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Pafundo (2005) used fluorescent AFLPs for the characterization of olive oil DNA, to obtain highly reproducible, high 
quality fingerprints, testing different parameters by comparing AFLP fingerprints obtained from oil with AFLPs from 
the corresponding plant material. 

Ipek (2006) studied the sequence homology of polymorphic AFLP markers in garlic (Allium sativum L.). The AFLP 
amplified products were sequenced and showed a similar pattern of phylogenetic relationship among garlic clones. 
AFLP fragments are proved to be useful for developing simple PCR-based markers in genetic mapping and diversity 

assessment. 

Cruz et al. (2006) conducted a study to assess molecular genetic variation and genetic relatedness among 91 
populations of 31 taxa based on several molecular markers (random amplified polymorphic DNA, amplified 
fragment length polymorphisms and trnL sequences) in the genus Fescuta growing in the Iberian Peninsula. 
According to his analysis most populations clustered at the species level, but some subspecies and varieties mixed 
their populations. This study demonstrated the value in combining different molecular markers to uncover hidden 

genetic relationships between populations of Festuca. 

A set of more than five hundred markers mainly based on amplified fragment length polymorphic markers and also 
few other genetic markers were used to generate the map intraspecific linkage map of pepper (Capsicum annuum 
L.) by Barchi (2007). 

Maccaferri (2007) determined the genetic relatedness among 58 different durum wheat accessions using 234 
amplified fragment length polymorphisms (AFLPs). He also observed the morphological data which largely failed to 

describe the pattern of genetic similarity, according to known pedigree data. But the indications were provided by 
AFLP based molecular markers. 

Different grass pea (Lathyrus sativus L.) populations represented a large genetic variation at the DNA level.  
Tavoletti (2007) found distinct grass pea gene pools using AFLP markers with a cluster specific distribution in grass 
pea populations. His study showed the existence of two genetically separated groups of population. 

Solis (2007) studied the level of polymorphism and the genetic relationship in different varieties of potatoes from 

the Chiloe Island by means of molecular markers using the amplified fragment length polymorphism (AFLP) 
technique as well as morphological characters. The morphologic data cluster analysis allowed the separation of two 
defined groups among 20 varieties studied. AFLP data defined four clusters from the cluster analysis. He observed 
no significant concordance between AFLP and morphology cluster analyses. This result confirmed that DNA analysis 
by AFLP is an efficient method for the exploration of genetic diversity in potato populations. 

Production of olive oil based only on a few superior cultivars would increase yield, oil quality. But a large number of 

different varieties and sources of olive oil are used to produce the oil, which makes standardized oil production and 
marketing difficult. Murtaza (2006) had used four primer-pair combinations were used to assay 20 cotton plants 
from each of the 20 accessions belonging to Gossypium hirsutum L., and G. arboreum L. from the Pakistan and US 
origin for AFLP based genetic diversity. But AFLP showed a narrow genetic base among these cultivars. When 
twenty-six landraces of black gram collected from Orissa, India were analysed using AFLP markers by Sivaprakash 

et al. (2004), they revealed a good polymorphism among the cultivars. The constructed dendrogram revealed three 
major clusters. 

Ntundu (2004) selected 100 bambara groundnut [Vigna subterranea (L.) Verdc] landraces to study the genetic 
diversity using AFLP technique. Genetic diversity was found among the species based on Jaccard’s variability index 
(ranging from 0.1 to 0.68) and all the landraces formed two major groups in cluster analysis. 

Jamago et al. (2003) studied 90 accessions of Vigna radiata using AFLP technique which proved to be an efficient 

tool for analyzing genetic diversity. AFLP marker proved to be very informative to monitor the genetic diversity of 
Albizia species (Aparajita and Rout, 2010). Senecio ovatus subsp. ovatus and S. germanicus subsp. germanicus 
form distinct entities through AFLP fingerprint data as shown by Oberprieler (2011). 

Morales et al. (2013) evaluated the genetic diversity of 20 garlic cultivars by combining morphological characters 
and AFLP molecular marker data. Bhattacharyya et al. (2017) used AFLP markers in gene mapping and in early 
selection of medicinally important orchid Dendrobium thyrsiflorum.  Shuhua (2016) has used morphological traits 
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in clustering 6-natural populations of Rosa platyacantha and analyzed the data with AFLP based markers. The 
populations were mainly grouped with similar altitudes and geographic distances. Bryan et al. (2017) showed that 
AFLP is highly suitable for the evaluation of within and between accession diversity in gene banks. 

DNA markers have been useful in molecular systematics and molecular biology. Among the different molecular 
biological techniques, AFLP analysis has proven as an applicable genotyping method. It has high degrees of 
reproducibility and discriminatory power. AFLP markers are considered to be non-coding and are selectively natural. 

It has been successfully applied in different branches like breeding, taxonomy, microbiology, ecology, population 
genetics, evolution biology etc. AFLP based marker assisted analysis gives specific and reliable data that can be 
correlated or evaluated with other analytical methods. It is used in linkage mapping and in population studies. AFLP 
provides sufficient data for the determination of strains or variants in a short time with the highest degree of 
specification. Genotype databases can be created which can be used by different laboratories for a variety of 
purposes. AFLP is regarded as one of the best tools for the understanding and relating of the genetic relationships 

between and within species. 
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