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Abstract 

 

Identifying the complete-linked molecular markers with target gene and mapping its chromosome locus is an important 

goal in plant breeding for gene cloning and marker-aided selection. Due to complexity of the interactions, in most of the 

agronomic traits, especially the interaction between the grain yield and the environmental factors, classic methods do 

not function appropriately in improving agronomic traits at present. If the selection is made based on genotype by DNA 

markers, the efficiency of selection will increase considerably. In a genetic evaluation program, the combination 

between the data from the linkage between marker position and quantitative traits loci (QTL) as well as the phenotypic 

data can be used to increase the accuracy of the assessments and thereby the accuracy of selection. The selection in 

which inherited values are used along with the marker data in selection of superior genotypes in a breeding program is 

called Marker-assisted-selection (MAS). 
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1. Introduction 

Conventional plant breeding is dependent on appropriate environmental conditions in which to identify and select 

desirable plants. Typically, breeders improve crops by crossing plants with desired traits, such as high yield or drought 

tolerance, and selecting the best offspring over multiple generations of testing. A new variety could take 8 to 10 years to 

develop. Breeders are very interested in new technologies to speed up this process or make it more efficient. Since the 

mid-1990’s, the term 'marker-assisted selection' has entered the plant breeders and genetics science [28]. The MAS term 

largely refers to all the form of the selections based on genetic data.  

There are so many drawbacks in the classic selection method in which phenotypic measures are used as follows [18]: 

a) Environmental factors reduce the accuracy of the selection for important commercial traits.  

b) It is difficult to measure several traits.  

c) In classical breeding programs, measurements are performed in a broad sense. It is both costly and time 

consuming.  

Given the above-mentioned drawbacks, selection using genetic markers could increase both efficiency and accuracy of 

the selection compared with selection based on phenotypic data [32]. 

 If it is not possible to analyze both the traits and the pedigree in a broad sense in breeding programs, genetic markers of 

the major genes can be used provided that they have significant economic impacts [32]. 

An appropriate method is the one in which molecular markers data is combined with statistical methods. This increases 

the accuracy, reduces the generation gap, and ultimately increases the response to selection. The advantage of marker-

assisted selection on a trait compared to selection based on the phenotype depends on the heritability.  

Marker-assisted selection is advantageous for following cases [18]: 

a) When the heritability of the trait is low 

b) When the traits that are difficult and costly to measure 

c) When there is no information on the parents of the present population 

http://creativecommons.org/licenses/by/3.0/
javascript:void(0);
javascript:void(0);


International Journal of Scientific World 17 

 

 

 

 

The disadvantage of marker-assisted selection only lies in the recombination probability, which reduces the usefulness 

of this method.  

The direct information obtained from the level of genes is effective in breeding programs using these three general 

following methods [32]:  

a) The Markers can reduce the generation gap and allow the selection to take place in the early stages of growth.  

b) The accuracy of selection increases by providing more information to estimate. 

c) The marker increases the severity of selection and provides the possibility to select the major candidates among 

many candidates for selection.  

Any feature of the living organisms whose inheritance can easily be checked and tracked is called a marker. 

Genetic markers are the biological features that are determined by allelic forms of genes or genetic loci and can be 

transmitted from one generation to another, and thus they can be used as experimental probes or tags to keep track of an 

individual, a tissue, a cell, a nucleus, a chromosome or a gene [32]. 

The marker should have two following features, so that it can be useful and applicable: 

a) The marker should differ the individuals from each other, i.e. it should be polymorphic. 

b) The marker should be passed from one generation to another generation unchanged. 

In addition to the characteristics mentioned above, a favorable marker should have the following characteristics for 

genetic and breeding studies [32]: 

a) It should be co-dominant. 

b) It should not be dependent on both plant tissue and developmental stage of the plant. 

c) It should be neutral in terms of phenotypic expression; however, if possible, it should be linked with the gene (or 

the genes), which control the expression of the desired trait. 

d) It should be repeatable. 

e) It should be easy to measure and simple to use. 

f) It should also be easy to interpret the results obtained from marker analysis. 

g) It should not be dependent on application of hazardous materials such as radioactive materials. 

Genetic markers fall into one of the three broad classes: those based on visually assessable traits (morphological and 

agronomic traits), those based on gene product (biochemical markers), and those relying on a DNA assay (molecular 

markers) [15]. 

2. The use of biomarkers in quantitative traits selection 

Although the idea for marker-assisted selection dates back to 1923, when Sax in 1923 first reported association of a 

simply inherited genetic marker with a quantitative trait in plants when he observed segregation of seed size (polygenic, 

quantitatively inherited trait)  associated with segregation for a seed coat colour(monogenic trait) marker in beans 

(Phaseolus vulgaris L(and drew the conclusion that the single gene controlling seed color must be linked to one or more 

of the polygene controlling seed size[14]. This concept was further elaborated by Thoday (1961), who suggested that if 

the segregation of simply inherited monogenes could be used to detect linked QTLs, then it should eventually be 

possible to map and characterize all QTLs involved in complex traits [13]. At first, traits showing quantitative variation 

were studied by statistical analysis of appropriate experimental populations based on the means, variances and 

covariances of relatives, with no actual knowledge of the number and location of the genes that underlie them [25]. 

Working with morphological markers, the main practical limitation of his work was the fact that only few suitable 

markers were available.  

By the early 1980s, allozyme markers were being employed as a tool for the discrimination of genotypes, replacing the 

previously used morphological markers. Allozyme markers are based on protein polymorphisms; they are allelic forms 

of enzymes and can be separated on electrophoretic gels and detected by staining the gels. Advantages of this method 

are the low costs, technical simplicity and the co-dominant nature of the marker. Co-dominance means that alleles of 

both parents can be detected in the F1, thus homozygous and heterozygous genotypes can be distinguished. However, 

the limited number of suitable allozyme loci in the genome and the requirement of fresh tissue of the right 

developmental stage are clear disadvantages [16], [31]. Realization of this potential has been limited by the lack of 

markers.  

With the advent of DNA-based genetic markers in the late 1970s, for the first time, the situation changed and 

researchers could begin to identify large numbers of markers dispersed throughout the genetic material of any species of 

interest and use the markers to detect associations with traits of interest, thus allowing MAS finally to become a reality. 

In fact, new interest in QTL mapping in crops was generated when studies on fruit traits of tomato [1] and the 

morphological and agronomic characters of maize [4] successfully demonstrated that some molecular markers 

explained a substantial proportion of the phenotypic variance of quantitative traits. With DNA markers, more 

polymorphisms can be revealed and breeders could identify large numbers of markers dispersed throughout the genome 

of any species of interest, using the markers to detect associations with traits of interest, independent of their stage 

specific expression. Finally, the idea of MAS became a reality [10].  

http://www.ejbiotechnology.info/content/vol13/issue5/full/14/index.html#206
http://www.ejbiotechnology.info/content/vol13/issue5/full/14/index.html#98
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18 International Journal of Scientific World 

 

 
Various types of molecular markers have been described in the literature, which are as follows: allele specific 

associated primers (ASAP), allele specific oligo (ASO), allele specific polymerase chain reaction (AS-PCR), amplified 

fragment length polymorphism (AFLP), anchored microsatellite primed PCR (AMP-PCR), anchored simple sequence 

repeats (ASSR), arbitrarily primed polymerase chain reaction (AP-PCR), cleaved amplified polymorphic sequence 

(CAPS), degenerate oligo nucleotide primed PCR (DOP-PCR), diversity arrays technology (DART), DNA 

amplification fingerprinting (DAF), expressed sequence tags (EST), inter-simple sequence repeat (ISSR), inverse PCR 

(IPCR), inverse sequence-tagged repeats (ISTR), microsatellite primed PCR (MP-PCR), multiplexed allele-specific 

diagnostic assay (MASDA), random amplified microsatellite polymorphisms (RAMP), random amplified 

microsatellites (RAM), random amplified polymorphic DNA (RAPD), restriction fragment length polymorphism 

(RFLP), selective amplification of microsatellite polymorphic loci (SAMPL), sequence characterized amplified regions 

(SCAR), sequence specific amplification polymorphisms (S-SAP), sequence tagged microsatellite site (STMS), 

sequence tagged site (STS), short tandem repeats (STR), simple sequence length polymorphism (SSLP), simple 

sequence repeats (SSR), single nucleotide polymorphism (SNP), single primer amplification reactions (SPAR), single 

stranded conformational polymorphism (SSCP), site-selected insertion PCR (SSI), strand displacement amplification 

(SDA), and variable number tandem repeat (VNTR). Although some of these marker types are very similar (e.g., 

ASAP, ASO and AS-PCR), some synonymous (e.g., ISSR, RAMP, RAM, SPAR, AMP-PCR, MP-PCR, and ASSR), 

and some identical (e.g., SSLP, STMS, STR and SSR), there are still a wide range of techniques for researchers to 

choose upon [14]. 

Restriction fragment length polymorphisms (RFLPs) are reliable and yield co-dominant data, but are also time-

consuming and expensive, requiring relatively large amount of highly purified DNA and they do not lend themselves to 

automation [28]. Random amplified polymorphic DNA (RAPD) markers are unreliable with poor replication success 

among laboratories [3], [9]. Sequence characterised amplified regions (SCAR) markers are more reliable than RAPD 

markers, but are often developed from RAPD markers [9], which might limit their utility. Simple sequence repeats 

(SSR) markers, however, combine reliability and genomic abundance with high levels of polymorphism and co-

dominance [5]. Recently, there is increasing use of single nucleotide polymorphism markers (SNPs) in maize [26]. The 

main drawback of SSRs is the initial identification of primer sites to amplify SSR loci, a procedure which is time- and 

resource demanding. In the present case, a large number of SSR markers are already available.  

There are five main considerations for the use of DNA markers in MAS as follows:  

Reliability: Markers should be tightly linked to target loci, preferably less than 5 CM genetic distance. The use of 

flanking markers will greatly increase the reliability of the markers to predict phenotype. 

DNA quantity and quality: Some marker techniques require large amounts and high quality of DNA, which may 

sometimes be difficult to obtain in practice, and this adds to the cost of the procedures. 

Technical procedure: The level of simplicity and the time required for the technique are critical considerations. High-

throughput simple and quick methods are highly desirable. 

Level of polymorphism: Ideally, the marker should be highly polymorphic in breeding material. 

Cost: The marker assay must be cost-effective in order for MAS to be feasible. 

The most widely used markers in major cereals are called simple sequence repeats (SSRs) or microsatellites [28], [29]. 

They are highly reliable (i.e. reproducible), co-dominant in target locus reliability for selection. The only disadvantages 

of SSRs are that they typically require polyacrylamide gel electrophoresis and generally give information only about a 

single locus per assay, although multiplexing of several markers is possible. These problems have been overcome in 

many cases by selecting SSR markers that have large enough size differences for detection in Agarose gels, as well as 

multiplexing several markers in a single reaction. SSR markers also require a substantial investment of time and money 

to develop, and adequate numbers for high-density mapping are not available in some orphan crop species. STS, SCAR 

or SNP markers that are derived from specific DNA sequences of markers (e.g. RFLPs) that are linked to a gene or 

quantitative trait locus are also extremely useful for MAS [2], [27], [34]. 

3. Steps for MAS 

Generally the first step is to map the gene or quantitative trait locus (QTL) of interest first by using different techniques 

and then use this information for marker assisted selection.  

The two general goals of QTL mapping in plants are to (a) increase our biological knowledge of the inheritance and 

genetic architecture of quantitative traits, both within a species and across related species, and (b) identify markers that 

can be used as indirect selection tools in breeding [15]. 

Based on our experiences, we suggest the following steps be taken to enjoy a successful marker-assisted selection: 

1) Find markers that are less than 5 cM away from the desired gene. Zheng et al. (1995) empirically showed that the 

selection process will be 99.75 percent accurate if markers are found that are less than 5 cM away from the 

desired gene. 

2) Transform non- specific markers to specific or STS markers. The linkage of the main genes in crop plants with, or 

their distance from, markers (especially the RFLP and RAPD markers) has been established. Although these 

markers can be used in marker-assisted selection, their transformation to STS markers will greatly increase the 
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efficiency of the selection process because, if this transformation takes place, utilization of the speed, accuracy, 

and efficiency of PCR will lead to a more successful and faster selection that needs less DNA. 

3) Produce and detect specific amplicon polymorphism so that PCR can be used in marker-assisted selection. In 

plants QTL mapping is generally achieved using bi-parental cross populations; a cross between two parents which 

have a contrasting phenotype for the trait of interest are developed. Commonly used populations are recombinant 

inbred lines (RILs), doubled haploids (DH), back cross and F2. Linkage between the phenotype and markers 

which have already been mapped is tested in these populations in order to determine the position of the QTL. 

Such techniques are based on linkage and are therefore referred to as "linkage mapping". 

4) Carry out marker-assisted selection. A successful marker-assisted selection requires identification of an important 

gene. Those genes must be more emphasized that are more difficult, or impossible, to study by using classic and 

field studies. Moreover, markers should not be used in selection for traits that are easily recognized in the field. 

Marker-assisted selection should be utilized as a complement to classic methods. We should not forget that the 

technology of using molecular markers is still relatively expensive and complex and specialists are needed to 

utilize it. 

In contrast to two-step QTL mapping and MAS, a single-step method for breeding typical plant populations has been 

developed. In such an approach, in the first few breeding cycles, markers linked to the trait of interest are identified by 

QTL mapping and later the same information in used in the same population. In this approach, pedigree structures are 

created from families that are created by crossing number of parents (in three-way or four way crosses). Both 

phenotyping and genotyping is done using molecular markers mapped the possible location of QTL of interest. This 

will identify markers and their favorable alleles.  

4. Use of marker-aided selection for drought tolerant genotypes selection 

Drought tolerance liking other environmental stresses in higher plants is a complex genetic and physiologic trait. Most 

plant processes which are critical in drought tolerance have little inheritance and show a continual variation and are also 

under the influence of environmental conditions. Previous genetic studies revealed that both additive and dominance 

gene effects in inheritance are included in almost all traits related to drought [22], [23].  

In maize, about 148 QTLs for grain yield have been detected. However, fewer QTLs were identified under water-

stressed conditions (about 20 QTLs) [26]. 

In maize, most research efforts have been directed toward the development of microsatellite marker systems for genetic 

mapping and germplasm analysis [8], [33]. The study on mapping or tagging presents information about the number of 

genes controlling the trait and the place of these genes in linkage map.  

Dubey et al. (2009) in an effort to identify SSR markers of drought tolerance in 24 tropical maize lines with different 

responses to drought stress came to the conclusion that dupssr12, umc1042, bnlg1866, umc1056 ,dup13, umc1069, 

umc1962, bnlg1028 and c1344 markers were among those drought related markers in the susceptible and drought 

tolerant genotypes under investigation[17].  

Despite numerous reports of QTLs in maize [26], including QTLs for adaptation to water-limited conditions, reviewed 

by Tuberosa et al.(2002) and Sawkins et al. (2006), little has been published on the implementation of MAS based on 

these QTLs in breeding programmes[22], [30]. Successful MAS applications have been reported for introgression 

breeding in maize, including introgressions of transgenes [20] and conversions involving simple [19] or complex traits 

[24]. Several marker-assisted recurrent selection (MARS) strategies have also been proposed and evaluated. When 

aimed at population improvement, MARS involves selecting individuals based on their marker genotypes and 

intermating them at random to produce the next generation [6].  

In a wider context, QTL might be used to identify genes that are important in drought tolerance and it is noteworthy, 

given the complexity of drought tolerance, that so few QTL are identified within any given genome. This may be an 

indication that traits are determined by a limited number of sites and/or that genes associated with physiological traits 

are clustered on chromosomes. However, the fact that a QTL represents many, perhaps hundreds, of genes remains a 

problem to finding key loci within a QTL. The easiest way forward may be through the identification of candidate 

genes [12].  

5. Conclusion 

Molecular genetic polymorphisms can be used to achieve substantial increases in the efficiency of artificial selection. 

There is no doubt that the use of molecular markers maize breeding programmes has increased significantly over the 

last few years. However, there is more challenge for MAS that will be in the integration of this diverse and disparate 

information and interpretation in a specific biological context to convert it into knowledge. Modern maize breeding for 

complex traits, a combination of molecular and phenotypic selection, should become routine in breeding programmes, 

but success will largely be dependent on the accuracy of plant phenotyping and the capacity to determine the Genotype 

environment interaction; two major components that affect the prediction of the allelic value on the plant phenotype in 

new populations. 
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