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ABSTRACT 
 

In the genomics era, advances in molecular biology have opened new opportunities to accelerate plant breeding 

processes and in overcoming the crop productivity constraints. Molecular markers have become important tools in the 

hands of plant breeders in marker assisted breeding and for enhancing the selection efficiency for various agronomic 

traits in precision plant breeding. The isolation, cloning and moving of genes from diverse biological sources into plant 

genomes holds promise to broaden the gene pool of crops and develop new plant varieties for specific traits that 

determine yield, quality, and resistance to biotic and abiotic stresses. New genomics tools will be of great value to 

support conventional breeding for sustainable food production especially under the climate change and meet demand of 

ever-growing human population. A noteworthy research in conventional breeding for several years has made the world 

self-sufficient in many respects. However, the ever-increasing population has alarmed food security in the world and 

attempts have been initiated to integrate modern biotechnology tools in conventional breeding to improve the most 

important crops. Regardless of its wider utilization and application worldwide, science and technology is playing a very 

important role in overcoming the potential problems of agriculture. The integration of conventional plant breeding with 

various biotechnological techniques advance crop genetic improvement and shortening the crop improvement cycle 

with desirable traits in order to satisfy the demand of people in both quantitative and qualitative. Molecular breeding 

implies the application of molecular biotechnologies, specifically molecular markers in combination with linkage maps 

and genomics are playing the key role to improve plant traits on the basis of genotypic assays. Genetic markers are the 

biological features that are determined by allelic forms of genes or genetic loci which can be transmitted from one 

generation to another. Generally, the world population is increasing alarmingly, but productivity is reduced because of 

several production challenges. Hence, conventional plant breeding method alone cannot address the serious challenges 

that world facing. Therefore, in order to overcome the food security problems, conventional plant breeding should be 

assisted and integrated with various biotechnology developments to hasten the crop genetic improvements. To ensure 

the rapid and advanced agricultural developmental within short period of time, the incorporation of molecular marker 

in plant breeding very relevant in the future world. Marker assisted breeding is not about the replacement of conventional 

breeding rather than integrating with it in order to make further improvement. There are various challenges in relation 

to the application of molecular markers because of its costs in large scale utilization especially in developing countries. 

The integration of marker assisted breeding into conventional breeding program is an optimistic strategy for crop 

improvement in the future. 
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INTRODUCTION 

 

In agriculture, one of the main objectives of plant 

breeder is to improve the existing cultivars, which are 

deficient in one or more traits by crossing such cultivars 

with lines that possess the desired trait. A conventional 

breeding program thus involves crossing whole genomes 

followed by selection of the superior recombinants from 

among the several segregation products. Indeed, such a 

procedure is laborious and time consuming, involving 

several crosses, several generations, and careful phenotypic 

selection, and the linkage drag (tight linkage of the 

undesired loci with the desired loci) may make it further 

difficult to achieve the desired objective. Advent of DNA 

marker technology, development of several types of 

molecular markers and molecular breeding strategies 

offered possibilities to plant breeders and geneticists to 

overcome many of the problems faced during conventional  
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breeding. Traditional plant breeding involves cross-

breeding of similar plants to produce new varieties with 

different traits. But it takes many generations to achieve 

desired result. By using various biotechnological tools, 

crop improvement can be achieved faster and it even 

facilitates to transfer genes from unrelated species 

(Paterson et al., 1989). 

Overcoming the different agricultural challenges will 

be harder in the absence international integration of plant 

biotechnology into plant improvement to increase 

agricultural productivity through addressing the problem of 

yield reduction and its links with pest management and 

climate change (Biggs and Scholes 2004). The practice of 

improving crop production system with advanced breeding 

techniques play an important role to alleviate poverty and 

raise the living standards of the peoples by obtaining better 

yields of different crops (Gruhn et al., 2000). The recent 

integration of advances in biotechnology, genomic research 

and molecular marker applications with conventional plant 

breeding practices has created the foundation for molecular 

plant breeding which is revolutionizing 21st century crop 

improvement (Cooper et al., 2004). The typical crop 

improvement cycle takes 10-15 years to complete and 

includes germplasm manipulations, genotype selection and 

stabilization, variety testing, variety increase, proprietary 

protection and crop production stages. However, with the 

utilization of molecular marker procedures, it is possible to 

increase the effectiveness in breeding and to significantly 

shorten the development crop improvement stages. 

Molecular markers are identifiable DNA sequence, 

found at specific locations of the genome and associated 

with the inheritance of a trait or linked gene (FAO, 2004) 

and they are widely used to track loci and genome regions 

in several crop-breeding programs, as molecular markers 

tightly linked with a large number of agronomic and 

disease resistance traits are available in major crop species 

(Phillips and Vasil, 2001, Jain et al., 2002, Gupta and 

Varshney, 2004). These molecular markers include: (i) 

hybridization-based markers such as restriction fragment 

length polymorphism (RFLP), (ii) PCR-based markers: 

random amplification of polymorphic DNA (RAPD), 

amplified fragment length polymorphism (AFLP) and 

microsatellite or simple sequence repeat (SSR), and (iii) 

sequence-based markers: single nucleotide polymorphism 

(SNP). The majority of these molecular markers has been 

developed either from genomic DNA libraries (e.g., RFLPs 

and SSRs) or from random PCR amplification of genomic 

DNA (e.g., RAPDs) or both (e.g., AFLPs). These DNA 

markers can be generated in large numbers and can prove 

to be very useful for a variety of purposes relevant to crop 

improvement. For instance, these markers have been 

utilized extensively for the preparation of saturated 

molecular maps (genetical and physical). 

Their association with genes/QTLs controlling the 

traits of economic importance has also been utilized in 

some cases for indirect marker-assisted selection (MAS) 

(Koebner, 2004, Korzun, 2002). The choice and use of 

DNA markers in research and breeding is still a challenge 

for plant breeders. A number of factors need to be 

considered when a breeder chooses one or more molecular 

marker types (Semagn et al., 2006). A breeder should make 

an appropriate choice that best meets the requirements 

according to the conditions and re‐sources available for the 

breeding program. Markers must be polymorphic (they 

must exist in different forms so that the chromosome 

carrying the mutant gene can be distinguished from the 

chromosome with normal gene by form of the marker it 

carries). Polymorphism can be detected at three levels: 

morphological, biochemical and molecular. Recently, the 

term DNA fingerprinting or profiling is used to describe the 

combined use of several single locus detection systems and 

are being used as versatile tools for investigating various 

aspects of plant genomes. These include characterization of 

genetic variability, genome fingerprinting, genome 

mapping, gene localization, and analysis of genome 

evolution, population genetics, taxonomy, plant breeding 

and diagnostics (Joshi et al, 2011). 

The development of DNA (molecular markers) has 

irreversibly changed the disciplines of plant genetics and 

breeding (Collard and Mackill, 2008); According to Joshi 

et al (2011), an ideal DNA makers should poses the 

following properties.(i) Highly polymorphism, which is the 

simultaneous occurrence of a trait at the same population 

of two or more, discontinues variants or genotypes, (ii) Co-

dominant inheritance- different form of marker should be 

detected in a diploid organism to allow discrimination of 

homozygote and heterozygote, (iii) Frequent occurrence in 

genome, (iv) Selective neutral behavior (the DNA 

sequences of any organism are neutral to environmental 

conditions or management practices), (v) Easy access 

(availability), (vi) Easy and fast assay, (vii) Reproducible-

highly reproducibility and (vii) Easy exchange of data 

between laboratories. It is extremely difficult for a single 

genetic marker to possess all properties above. Depending 

on the type of study to be undertaken a marker system can 

be identified that would fulfill at least a few of the above 

characteristics. The objective/s of the paper was to review 

the role of molecular markers in crop improvement and the 

efficiency of crop improvement relative to conventional 

breeding program to produce new superior varieties for 

desirable agronomic characteristics. 

 

Role of Molecular Markers in Crop Improvement 

Molecular markers play critical role in crop 

improvement through different process in agriculture; Such 

as gene introgression through backcrossing, germplasm 

characterization, genetic diagnostics, characterization of 

tran’s formants, study of genome organization and 

phylogenetic analysis (Jain et al., 2002). For plant breeding 

applications, SSR markers, among different classes of the 

existing markers, have been proven and recommended as 

markers of choice (Gupta and Varshney, 2000). RFLP is not 

readily adapted to high sample throughput and RAPD assays 

are not sufficiently reproducible or transferable between 

laboratories. While both SSRs and AFLPs are efficient in 

identifying polymorphisms, SSRs are more readily 

automated (Shariflou et al., 2001). Although AFLPs can in 

principle be converted into simple PCR assays (STSs). This 

conversion can become cumbersome and complicated as 

individual bands are often composed of multiple fragments, 

particularly in large genome templates (Shan et al., 1999). 

 

Application of Markers in Germplasm Storage, 

Evaluation and Use 

Marker-assisted germplasm evaluation is an important 

tool in the acquisition, storage and use of plant genetic 
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resources (Breting and Widrle Chner, 1995) and the 

evaluation of germplasm can be considerably improved 

with the assistance of markers. Markers can be used prior 

crossing to evaluate the breeding material. Also, mixing of 

seed samples can be discovered using markers instead of 

growing plants to maturity and assessing morphological 

characteristics (Yashitola et al., 2002). In order to broaden 

the genetic base of core breeding material, germplasm of 

diverse genetic background for crossings with elite 

cultivars can be identified with the assistance of markers 

(XU et al., 2004) and markers are on the whole a valuable 

tool for characterizing genetic resources, delivering 

detailed information usable in selecting parents. According 

to XU et al. (2003), molecular markers can be used for (i) 

differentiating cultivars and creating, maintaining and 

improving heterotic groups; (ii) assessing collections and 

identifying germplasm redundancy, underrepresented 

alleles, and genetic gaps; (iii) monitoring genetic shifts that 

can occur during medium or long-term storage, 

regeneration, domestication, and breeding; (iv) identifying 

unique germplasm; and (v) constructing core collections. 

 

Application of markers in germplasm storage 

Almost 100 years ago, Vavilov (published in 1952) 

called attention to the potential of crop relatives for 

improving agriculture because he saw the potential of plant 

genetic resources and crop wild relatives (CWR) as a 

source of genes with great importance for practical plant 

breeding. With an increased awareness of the threat, rapid 

loss of crop biodiversity posed to agricultural production 

and food security, the International Board for Plant Genetic 

Resources (IBPGR) was established in 1974. In 1991, the 

focus of the organization changed from the emergency 

conservation of genetic resources by storing resources in 

gene banks to research on how to conserve crop 

biodiversity through the sustainable use of genetic 

resources and the IBPGR became the International Plant 

Genetic Research Institute (IPGRI). 
In 2006, the International Plant Genetic Research 

Institute and the International Network for the 
Improvement of Banana and Plantain (INIBAP) united and 
changed their name to Bioversity International. Bioversity 
International oversees efforts in plant collection and 
preservation worldwide and maintains a number of 
databases with information on more than 5 million 
accessions from germplasm collections worldwide, 
belonging to more than 20 000 species. Considering the 
large number of accessions stored in gene banks it is 
obvious that only a limited number of accessions can be 
sampled in order to find new and useful genes. DNA 
profiles can help to determine and quantify the genetic 
uniqueness of each accession in a gene bank. 

 

Application of Markers in Germplasm Evaluation or 

Characterization 

The big challenge is the utilization of the genetic 

diversity stored in gene banks. In 1997, Tanksley & Mc 

couch stated that although “there is a general belief that 

genes useful for improving crops are contained in these 

seed banks, the vast majority of the accessions in gene 

banks makes no contribution to modern varieties, 

particularly with respect to complex traits such as yield and 

nutritional quality”. They suggested a departure from “the 

old paradigm” of looking for the phenotype for the benefit 

of a “new paradigm” of looking for the genes. Thus, the 

traditional approach of screening accessions from a gene 

bank for a clearly defined phenotypic character is only 

successful when breeding for simply inherited traits while 

beneficial alleles for complex traits like yield or quality 

traits cannot be found through phenotypic evaluation alone 

(Lammerts Van Bueren et al., 2010). Only a small 

proportion of the genetic variation contained in PGR can 

ever be exploited for crop improvement using phenotypic 

selection. Germplasm that is judged unsuitable for the 

improvement of varieties based on phenotypic examination 

may nevertheless contain superior alleles that “lie buried 

amid the thousands of accessions maintained in gene 

banks” (XU et al., 2003). Many superior alleles will only 

be found with the help of molecular maps and QTL 

analysis. Results from the application of the advanced 

backcross method to both tomato and rice shows that PGR 

contain favorable genes for the enhancement of complex 

traits like yield (Xiao et al., 1998). It is very unlikely that 

this genetic potential would have been identified without 

applying molecular mapping techniques like the AB-QTL 

method. The genotypic evaluation of germplasm based on 

molecular markers (marker-assisted germplasm evaluation, 

MAGE) and/or QTL analysis can be used to identify and 

extract superior alleles from inferior germplasm. This 

complements phenotypic selection (XU et al., 2003). 

The application of various molecular marker 

technologies to analyze diversity in PGR was reviewed by 

Hodgkin et al. (2001). For the effective management and 

use of germplasm resources it is critical to understand the 

range of diversity and the genetic structure of gene pools. 

Some germplasm accessions available for cultivated plants 

represent duplicate samples while others include rare 

alleles or very unusual allele combinations. Molecular 

markers can be used to screen germplasm collections for 

such redundancies or underrepresented alleles, they can 

help to discover genetic gaps in current collections, to 

monitor genetic shifts that occur during germplasm storage, 

regeneration, domestication, and breeding, or they can be 

used to construct representative subsets or core collections 

(a core collection contains most of the entire collection’s 

diversity with minimal redundancy) (XU et al., 2003). 

Examples of use of molecular markers to identify 

redundancies in germplasm collections include perennial 

kales (Zeven et al., 1998), wheat (Cao et al., 1998), barley 

(Lund et al., 2003) and carrot (Le clerc et al., 2005a). 

 

Application of Markers in Germplasm Use or 

Introgression 

Crop wild relatives, including the progenitors of crops 

and species related to them, provide plant breeders with a 

pool of potentially useful genetic resources. The use of wild 

germplasm in crop improvement gained in prominence by 

the 1970s and 1980s (Hajjar & Hodgkin, 2007), when wild 

relatives of crops were used for breeding in a growing 

number of crop species. The advancements in the field of 

genomics have considerably contributed to increase the use 

of wild relative genes, as they allow for the isolation of 

beneficial genes, the selection for traits which are difficult 

to detect based on phenotype, or the screening of whole 

collections of wild relatives. Marker assisted selections 

have increasingly been applied for the maintenance of 
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recessive alleles in backcrossing pedigrees and for 

pyramiding resistance genes (Hajjar & Hodgkin, 2007). A 

survey of the introduction of genes from crop wild relatives 

into cultivars (Hajjar & Hodgkin, 2007), reports on the use 

of more than 60 wild species to improve 13 agricultural 

crops. The survey concentrates on the period of the mid-

1980s to 2005. The most common use of wild relatives is as 

a source of pest and disease resistance, although other 

characteristics such as abiotic stress tolerance, yield 

increase, improved quality, and cytoplasmatic male sterility 

and fertility restoration also have been improved using crop 

wild relatives in individual cases. Another review on 

enhancing crop gene pools with beneficial traits using wild 

relatives was published in 2008 by Dwivedi et al. 

The full potential of new molecular technologies to 

increase the number of new varieties carrying favorable 

genes from wild relatives has presumably not yet been fully 

exhausted (Hajjar & Hodgkin 2007; Lammerts Van Bueren 

et al., 2010). The process by which beneficial traits from 

plant genetic resources are transferred to crop varieties is 

called introgression. Introgression is the process of 

introducing desired traits (often single major genes) from 

exotic or unadapted germplasm into adapted breeding 

material by backcrossing (Simmonds, 1993). While the use 

of plant genetic resources in traditional breeding can be 

tedious, requiring several cycles of backcrossing, 

molecular markers can aid in transferring genes with 

minimal linkage drag, thus making the introgression from 

plant genetic resources one of the most common 

applications of marker assisted selection. 

 

Application of Markers in Variety Distinction and 

Plant Cultivar Registration 

Molecular markers, especially AFLPs and 

microsatellite markers are reported as an appropriate tool for 

distinguishing plant varieties or lines (Hecken Berger et al., 

2003a). As an example, Bonow et al. (2009) successfully 

discriminated 37 rice varieties using microsatellite markers 

and Tams et al. (2009) surveyed the applicability of 

molecular markers for the discrimination of hybrid varieties 

of winter oilseed rape. They used microsatellite markers and 

came to the conclusion that detailed harmonization of 

methods between laboratories is crucial to obtain results 

which are consistent among laboratories and unequivocal 

when discriminating varieties. Another potential 

application of AFLP markers or microsatellite markers is 

the identification of essentially derived varieties (EDV) in 

the context of variety registration. Registered plant 

varieties are protected against plagiarism. However, 

protected germplasm is available for the development of 

new varieties, which is fixed in the concept of “breeder’s 

exemption “in the convention of the Union for the 

Protection of New Varieties of Plants (UPOV). 

Using modern molecular breeding methods such as 

genetic engineering or marker-assisted backcrossing the 

breeder’s exemption can be misused by adding only a few 

new genes to an existing variety or by selecting for lines 

which are very similar to one of their parents. If plant 

variety protection is claimed for such a “new” variety, the 

breeder of the original variety is not compensated for his or 

her investments. The concept of EDVs was therefore 

implemented into the UPOV convention in 1991 and into 

several national plant variety protection acts in order to deal 

with the, at the time, new situation (Heckenberger et al., 

2003b; Korzun and Heckenberger, 2005). Both AFLPs and 

microsatellite markers are suitable marker systems for 

EDV identification (Heckenberger et al., 2003a). In 

cultivar registration, molecular markers could offer 

assistance in the evaluation of crop cultivars for 

distinctness, uniformity, and stability (DUS), as molecular 

techniques can potentially allow for the discrimination of 

varieties based on small base-pair differences within the 

genome. Their use in cultivar registration has therefore 

been under consideration within UPOV. However, no 

systems for the use of molecular markers in the 

determination of distinctness of new cultivars have been 

developed yet (Camlin, 2003). 

 

Breeding Objectives and Examples for Marker 

Application in Breeding 

Breeding objectives for which MAS is regularly 

utilized at least in some crops are mainly disease and pest 

resistances and secondarily yield improvement, quality 

traits, and a biotic stress resistance. Examples on the 

application of MAS found in scientific literature mostly 

report marker applications for these objectives. 

 

Breeding Objectives for Disease Resistant, Yield 

Improvement and a Biotic Stress Resistant By Using 

Molecular Markers 

Application of markers for breeding disease resistant 

varieties is especially interesting when breeding for 

resistance traits which are difficult or expensive to assess 

phenotypically. A prominent example is the selection for 

resistance to nematodes. In wheat there is extensive use of 

DNA markers for cereal cyst nematode (Heterodera avenae 

Woll.) resistance (Eagles et al., 2001); in soybean the most 

prominent example for MAS application in breeding is 

resistance to soybean cyst nematode (H. glycines) (Young, 

1999). In both cases the disease is of economic importance, 

the resistance due to a single gene and the bioassay is 

expensive and unreliable (Eagles et al., 2001). 

Yield improvement as a generally very important 

breeding goal is more difficult to achieve with marker-

assisted selection due to its complexity. However, the AB-

QTL method, which can be used for the simultaneous 

identification and transfer of favorable QTL alleles, has 

successfully been used to improve yield in elite maize lines 

(Ho et al., 2002) and also Bouchez et al. (2002) 

successfully introgressed favorable QTLs for grain yield 

into maize elite lines. A biotic stress resistance is an 

important breeding goal mainly for all agricultural systems 

that do not or cannot rely on external inputs (mineral 

fertilizer or irrigation). With regard to the changing climate 

conditions, it might in general become important to breed 

plants which can deal with a biotic stresses. As a biotic 

stress resistance is also a complex trait, only few successful 

MAS applications in breeding for such traits have been 

published. An example is the results of a marker-assisted 

backcross (MABC) experiment conducted at CIMMYT to 

improve grain yield in tropical maize under water-limited 

conditions (Ribaut & Ragot, 2006). Quality traits, which 

often exhibit polygenic inheritance and can be strongly 

influenced by environmental conditions, also have only 

occasionally been improved with MAS yet. However, 
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MAS is particularly efficient on traits with low heritability 

and various MAS strategies for improving quality traits 

have been proposed. One example is the MABC strategy 

pursued by Lecomte et al. (2004), who introgressed five 

QTLs controlling fruit quality in tomato from a parental 

line into three improved lines. 

 

The Use of Markers for the Assessment of Diversity in 

Modern Crop Varieties 

A precise evaluation of the situation regarding agro 

biodiversity is difficult because systematic comparison 

studies are missing (Hammer, 2004). Also, the debate over 

the extent of diversity loss in modern crop varieties has 

been befogged by a lack of reliable data (Vellvé, 1993). 

There even exists an argument for the role of plant breeding 

in widening crop genetic diversity (Witcombe, 1999). 

Molecular markers can provide new insights into questions 

regarding the loss of allelic variation through modern plant 

breeding practices. Markers have been used in several 

studies to test the hypothesis that modern plant breeding 

has narrowed crop diversity over time, and to document 

uniformity and diversity in crops. To examine changes in 

diversity over time in an objective manner, AFLPs or 

microsatellite markers appear most useful (Donini et al., 

2000). As AFLP markers tend to be genetically clustered 

and thus not always provide the required genome coverage 

that is needed for diversity analyses, in most studies 

microsatellite markers are used with variable results (Table 

2). Some studies confirm the often-stated loss of genetic 

diversity, others cannot find such tendencies. Of the 17 

studies surveyed here, seven show a decrease in crop 

genetic diversity, five do not state any decrease, and four 

studies detected both decrease and increase, depending on 

the period of time studied, the loci or the subgroup of 

varieties studied. 

In one study, an increase in genetic diversity is stated. 

Apparently, breeding sometimes results in qualitative 

rather than quantitative shifts in diversity over time. It often 

seems to be mostly the composition and occurrence of 

alleles that changes and not the number of alleles. As 

genetic improvement normally targets genes encoding 

specific traits that are located on specific chromosomal 

segments, it is possible that plant breeding only affects 

certain regions of the plant genome. Thus, allelic diversity 

changes at particular loci might be substantial at individual 

chromosomal segments (FU, 2006). At the same time, on 

average the genome-wide reduction of genetic diversity 

due to breeding can be minor. It is important to be clear that 

while it might seem contradictory to be worrying about 

saving “old genes” in today’s world it is not so much the 

genes they, we are in fear of losing but rather the 

information they encode in all their combinatorial 

complexity. In summary, assessment with molecular 

markers provides evidence that modern plant breeding 

often has a negative impact on crop genetic diversity. 

Even if wild relatives of modern crop varieties often 

are inferior to the modern cultivars with respect to quality 

or yield, they can be superior in terms of resistance. 

Molecular markers offer the possibility to utilize these 

resistances in plant breeding and have thus facilitated the 

large-scale cultivation of crops in disease or pest endemic 

regions as has been the case for bacterial blight in rice, 

maize, and potato or for nematodes in many crops 

(Dwivedi et al., 2007). 

 

Types of Molecular Markers and Descriptions 

Non-PCR Based Genetic Markers (RFLP) 

The first and forest molecular markers system called 

the Restriction Fragment length Polymorphism (RFLP), 

was developed in early 1980 (Farooq and Azam, 2002). 

The RFLPs are simply inherited naturally occurring 

Mendelian characters. Genetic information is stored in the 

DNA sequence on a chromosome and variation in this 

sequence is the basis for the genetic diversity within 

species. Plants are able to replicate their DNA with high 

accuracy and rapidity, but many mechanisms causing 

changes (mutation) in the DNA are operative (Joshi et al., 

2011). This leads to simple or large-base pair changes as a 

result of inversion, translocation, transpositions or deletion 

which may occur, resulting in a loss or gain of a recognition 

sites and in turn lead to restriction fragment of different 

lengths. This marker was first reported by Botstein et al, 

(1980); in the detection of DNA polymorphism (Agarwal 

et al., 2008). Genomic restriction fragment of different 

length between genotypes can be detected on southern blots 

and by a suitable probe. In this method, DNA is digested 

with restriction enzyme like EcoR1, which cut the DNA at 

specific sequences, electrophoresed, blotted on a 

membrane and probed with a labeled clone. RFLP marker 

provides a way to directly follow chromosome segments 

during recombination as they follow Mendelian rules and 

greatly aid in the construction of genetic maps. 

When an F1 plants undergoes meiosis to produce 

gametes, its chromosomes will undergo recombination by 

crossing over and this recombination is the basis of 

conventional genetic mapping and when use, RFLP 

markers, require hybridization of probe DNA with sampled 

plant DNA. RFLP markers are powerful tools for 

comparative and synteny mapping. Most RFLP markers are 

co-dominant and locus-specific. RFLP genotyping is 

highly reproducible, and the methodology is simple and no 

special equipment is required. By using an improved RFLP 

technique, i.e., cleaved amplified polymorphism sequence 

(CAPS), also known as PCRRFLP, high-throughput 

markers can be developed from RFLP probe sequences. 

Very few CAPS are developed from probe sequences, 

which are complex to interpret. Most CAPS are developed 

from SNPs found in other sequences followed by PCR and 

detection of restriction sites. CAPS technique consists of 

digesting a PCR-amplified fragment and detecting the 

polymorphism by the presence/absence of restriction sites 

(Konieczny and Ausubel, 1993). 

 

Polymerase Chain Reaction Based Markers (PCR) 

A decade after the emergence of AFLP, there was 

another breakthrough which involves the use of PCR in 

1990 (Farooq and Azam, 2002). PCR is an in vitro method 

of nucleic acid synthesis by which a particular segment of 

DNA can be specifically replicated (Mullis and Faloona, 

1987). The process involves two oligonucleotide primers 

that flank the DNA fragment of interest and amplification 

is achieved by a series of repeated cycles of heat 

denaturation  of  the DNA, annealing of the primer to their  
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Table 1: Impact of breeding on crop genetic diversity and Results of 17 studies (2000-2007) which investigated the impact of breeding 

on crop diversity using molecular markers 

Impact crop No of varieties or accessions analyzed Marker Reference 

Decrease wheat 158 accessions of Italian durum wheat (<1915-1970 and beyond) SSR (Figliuolo et al., 2007) 

Decrease wheat 75 Canadian hard red wheat cultivars released from 1845-2004 SSR (FU et al. 2005) 

Decrease wheat 559 French bread wheat accessions (landraces and registered varieties) 

(1800-2000) 

SSR (Roussel et al., 2004) 

Decrease maize 133 maize varieties cultivated in France (1930-2001) SSR (Le Clerc et al., 2005b) 

Decrease maize 85 German maize hybrids (1951-2001) SSR (REIF et al., 2005a) 

Decrease oat 64 Nordic oat (Avena sativaL.) varieties and 17 landraces SSR (Grau Nersting et al., 2006 

No decrease wheat 55 UK winter wheat varieties from 1934-1994 SSR (Donini et al., 2000) 

No decrease wheat 511 widely grown Central and Northern European varieties SSR (Huang et al., 2007) 

No decrease Wheat 13 registered modern Canadian durum wheat varieties AFLP (Soleimani et al., 2002) 

No decrease Barley 34 UK barley varieties (both winter and spring types) AFLP SSR (Koebner et al., 2003) 

No decrease maize 8 modern US elite inbreds and 32 historical inbreds SSR (Lu & Bernardo, 2001) 

Decrease & Increase Wheat 75 Nordic spring wheat cultivars bred during the 20th century SSR (Christiansen et al., 2002) 

Decrease & increase wheat 32 landraces and 166 bread wheat varieties of spring or winter type 

from the 19 The to 21st centuryandSweden, Norway, Denmark, Finland 

S-SAP (Hysing et al., 2008) 

Decrease & Increase Barley 49 two-rowed and 64 six-rowed winter barley cultivars SSR (Ordon et al., 2005) 

Decrease & Increase Oat 96 Canadian oat varieties released from 1886 to 2001 SSR (Fu et al., 2003) 

Increase wheat 58 Italian and Mediterranean durum wheat accessions SSR (Maccaferri et al., 2003) 

 

complementary sequences, and extension of the annealed 

primers with a thermophilic DNA polymerase. Since the 

extension products themselves are also complementary to 

primers, successive cycles of amplification essentially 

double the amount of the target DNA synthesized in the 

previous cycle and the result is an exponential 

accumulation of the specific target fragment. Genomic 

DNA from two different individual often produces 

different amplification and a particular fragment generated 

from one individual but not for other represent DNA 

polymorphism and can be used as genetic markers. The 

pattern of amplified bands so obtained could be used for 

genomic fingerprint (Welsh and McClelland, 1994). 

 

Randomly amplified polymorphic DNA Marker (RAPD) 

The randomly-amplified polymorphic DNA marker 

(RAPD), detects nucleotide sequence polymorphism in 

DNA by using a single primer of arbitrary nucleotide 

sequence (Oligonucleotide primer, mostly ten bases long) 

(Williams et al., 1990). In this reaction, a single species of 

primer anneals to the genomic DNA at two different sites 

on complementary strands of DNA template. 

 

Advantages associated with RAPD analysis include 

(i) Use of small amount of DNA which makes it 

possible to work with population that is not accessible with 

RFLP. It is fast and efficient in analysis having high-

density genetic mapping as in many plant species such as 

alfalfa (Kiss et al., 1993), fabean bean (Torress et al., 1993) 

and apple (Hammat et al., 1994), (ii) Noninvolvement with 

radioactive assays (Kiss et al., 1993), (iii) Non-requirement 

of species specific probe librararies, (iv) Non-involvement 

in blotting or hybridization. 

 

Limitations of RAPD markers are 

(i) Its polymorphisms are inherited as dominant or 

recessive characters causing a loss of information relative 

to markers which show co-dominance, (ii) Primers are 

relatively short, a mismatch of even a single nucleotide can 

often prevent the primer from annealing, hence leads to a 

loss of band, (iii) Suffers from problems of repeatability in 

many systems, especially when transferring between 

populations or laboratories as is frequently necessary with 

marker assisted selection programs (Liu et al., 1994). 

Amplified fragment length polymorphism (AFLP) 

AFLPS are fragments of DNA that have been 

amplified using directed primers from restriction of 

genomic DNA. In this approach the sample DNA is 

enzymatically cut up into small fragments (as with RFLP 

analysis), but only a fraction of fragments are studied 

following selective PCR amplification (Liu et al.,1994). It 

is a combination of RFLP and RADP methods. AFLP 

technique shares some characteristic with both RFLP and 

RAPD analysis (Farooq and Azam, 2002) and combines the 

specifically of restriction analyses with PCR amplification. 

The major advantages of AFLP techniques (Farooq and 

Azam, 2002) are: (i) generation of a large number of 

polymorphisms, (i) No sequence information is required, 

(ii) The PCR technique is fast with high multiplex ratio 

which makes the AFLP very attractive choice. The 

problems associated with AFLPs are of three types and all 

are related with practical handling, data generation and 

analysis. These problems are not unique to AFLP 

technology but also associated with other markers systems. 

An ideal marker should have sufficient variation for the 

problem under study, be reliable and simple to generate and 

interpret. Unfortunately, neither AFLP nor other DNA 

markers exhibit these qualities. Thus, a specific technique 

or techniques selected on the basis of objectives be utilized 

collectively to achieve the best results (Kharp et al., 1997; 

Harris, 1999). 

 

Simple sequence repeat or short tandem repeats (SSRs) 

or micro satellites 

The first report of microsatellites in plants was made 
by Condit and Hubbell suggesting their abundance in plant 
systems as well (Gupta et al., 1999). Later, Akkaya et al. 
(1992) reported length polymorphisms of SSRs in soybean, 
which opened a new source of PCR, based molecular 
markers for other plant genomes. These are ideal genetic 
markers for detecting differences between and within 
species of genes of all eukaryotes (Farooq and Azam, 
2002). 

It consist of tandemly repeated 2-7 base pair units 

arranged in repeats of mono-, di-, tri-, tetra and penta-

nucleotides (A,T, AT, GA, AGG, AAAG etc) with 

different lengths of repeat motifs. These repeats are widely 

distributed throughout the plants and animal genomes that 
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display high level of genetic variation based on differences 

in the number of tandemly repeating units of a locus. The 

variation in the number of tandemly repeated units results 

in highly polymorphic banding pattern (Farooq and Azam, 

2002) which are detected by PCR, using locus specific 

flanking region primers where they are known. Some of the 

prominent features of these markers are that they are 

dominant fingerprinting markers and co dominant 

sequence tagged microsatellites (STMS) markers (Joshi et 

al., 2001. The reproducibility of microsatellites is such that 

they can be used efficiently by different research 

laboratories to produce consistent data (Saghai Maroof et 

al., 1994). Locus-specific micro-satellite-based markers 

have been reported from many plant species such as 

Lettuce (Lactucasativa L.) (Van de Wiel et al., 1999), 

barley (Hordeum vulgare L.) (Saghai Maroof et al., 1994) 

and rice (Oryza Sativa L) (Wu and Tanksley, 1993). 

 

Randomly amplified micro satellite polymorphism 

(RAMP) 

This is microsatellite – based markers which show a 

high degree of allelic polymorphism, but they are labor-

intensive (Agarwal and Shrivastava, 2008). On the other 

hand, RAPD markers are inexpensive but exhibit a low 

degree of polymorphism. To compensate for the 

weaknesses of these approaches, a technique termed as 

RAMP was developed (Wu et al., 1994). The technique 

involves a radio labeled primer consisting of a 51anchor 

and 31 repeats which is used to amplify genomic DNA in 

the presence or absence of RAPD primers (Agarwal and 

Shrivastava, 2008). 

 

The sequence characterized amplified region (SCAR) 

and simple primer amplification reaction (SPAR) 

markers 
The SCARS are PCR-based markers that represent 

genomic DNA fragments at genetically defined loci that are 

identified by PCR amplification using sequence specific 

oligonucleotide primer (Mc Dermoth et al., 1994). SPAR 

uses the single SSR oligonucleotide principles. 
 

Sequence related amplified polymorphism (SRAP) and 

target region amplification polymorphism (TRAP) 

markers 

The aim of SRAP technique (Li and Quiros, 2001) is 

the amplification of open reading frames (ORFs). It is 

based on two-primer amplification using the AT- or GC- 

rich cores to amplify intragenic fragment for 

polymorphism detection (Agarwal and Shirvastava, 2008). 

The TRAP technique (Hu and Vick, 2003) is a rapid and 

efficient PCR-based technique, which utilizes 

bioinformatics tools and expressed sequence tag (EST) 

database information to generate polymorphic markers, 

around targeted candidate gene sequences. 

 

Summary and Conclusion 

There are many reasons to believe that plant breeding 

in the 21st century will still depend on conventional 

methods for phenotypic selection. Molecular biology is 

used to improve recombinant frequency for favorable 

alleles and select the traits that are not measurable under 

normal environments with conventional methods. A 

conventional breeding program involves crossing whole 

genomes followed by selection of the superior 

recombinants from among the several segregation 

products. Indeed, such a procedure is laborious and time 

consuming, involving several crosses, several generations, 

and careful phenotypic selection, and the linkage drag may 

make it further difficult to achieve the desired objective. 

Advent of DNA marker technology, development of 

several types of molecular markers and molecular breeding 

strategies offered possibilities to plant breeders and 

geneticists to overcome many of the problems faced during 

conventional breeding. 

Molecular markers are identifiable DNA sequence, 

found at specific locations of the genome and associated 

with the inheritance of a trait or linked gene. The choice 

and use of DNA markers in research and breeding is still a 

challenge for plant breeders. A number of factors need to 

be considered when a breeder chooses one or more 

molecular marker types. A breeder should make an 

appropriate choice that best meets the requirements 

according to the conditions and re‐sources available for the 

breeding program. Markers must be polymorphic, so that 

the chromosome carrying the mutant gene can be 

distinguished from the chromosome with normal gene by 

form of the marker it carries. Markers play significant role 

in many studies in agriculture; germplasm storage, 

evaluation and characterization, introgression, variety 

distinction and plant cultivar registration as well as the 

assessment of diversity in modern crop varieties. Besides 

these markers also play essential role in the selection of the 

main breeding objectives such as disease and pest resistant, 

high yielder and a biotic stress resistant plant. Generally, 

for the choice of the most appropriate marker system, 

however, needs to be decided on a case-by-case basis and 

will depend on many issues including the availability of 

technology platforms, costs for marker development, 

species transferability, information content and ease of 

documentation. 
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