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Abstract 

Global agriculture faces unprecedented challenges due to climate change, 
emerging pests and diseases, shrinking arable land, and the need to feed 
a rapidly growing population. Conventional breeding methods, though 
successful, are time-consuming and often influenced by environmental 
factors that mask the true genetic potential of plants. Marker-Assisted 
Selection (MAS) has emerged as a revolutionary molecular breeding 
approach that integrates DNA-based markers with traditional selection 
methods to accelerate crop improvement. By identifying and selecting 
desirable genes at the seedling stage, MAS enhances precision, reduces 
breeding cycles, and increases selection efficiency. This technology is 
particularly valuable for introgressing complex traits such as disease 
resistance, drought tolerance, salinity tolerance, and quality attributes 
through gene pyramiding and backcross breeding strategies. With 
advances in genomics, high-throughput genotyping, and bioinformatics, 
MAS has significantly contributed to the development of climate-
resilient, high-yielding crop varieties.  
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Introduction 

Marker assisted selection refers to indirect 
selection for a desired plant phenotype based on 
the presence of molecular markers linked to that 
trait. It is also called as Marker assisted breeding 
or Marker aided selection. This approach 
increases accuracy, efficiency, and speed in crop 
improvement. 

Main features of MAS  

 A tight linkage between molecular marker 
and gene of interest 

 It allows heritable traits to be linked to the 
DNA which is responsible for controlling 
that trait 

 Markers (AFLP, RAPD, RFLP, SSR, SNP), and 
differ from species to species 

 The relative efficiency of MAS is greater for 
characters with low heritability if a large 
fraction of the additive genetic variance is 
associated with the marker loci  

 It used for improvement of both oligogenic 
and polygenic traits. 

 MAS leads to development of non-transgenic 
genotypes or cultivars. 

 MAS permits identification of recessive 
alleles even in heterozygous condition and 
thus speed up the progress of crop 
improvement 

Table. 1. Comparison of MAS and Phenotypic 
selection 

Particulars MAS Phenotypic 
selection 

Dissimilarities 
Markers used Molecular 

markers 
Morphological 
markers 

Time required to 
release as a 
variety 

 very short (3-5 
years) 

very long (10-15 
years) 

Laboratory 
required 

 Sophisticated simple 

Technical skill  
Accuracy 
Cost involved 

Very high 
 

Medium 
Medium to high 
Low to medium 

Similarities 
Environmental 
effect 
Effect of gene 
interaction 

No effect Very high 

Mapping of QTL 
Screening of 
economic traits at 
seedling stage 

Possible Not possible 

Received: 23 February 2026 
Revised: 24 February 2026 
Accepted: 06 March 2026 
Published online: 11 March 2026  
 
Article ID: SR01094 
 
Citation: Sravanthi, R. (2026). 
Marker-Assisted Selection: 
Unlocking Faster and Smarter Crop 
Improvement Through DNA Science. 
Scientia Review, 2(3), 5-7 

POPULAR SCIENCE ARTICLE 



Scientia Review, 2026, 2(3)  www.scientiafoundation.in 

6 
 

 In the MAS, RFLP markers are widely 
used for genetic improvement of crop 
plants for various economic characters. 

Fig. 1. Steps in marker assisted selection 

 
Fig. 2. Major Approaches in Marker-Assisted 

Selection 

1. Early Generation Selection 

In this approach, MAS is applied at early stages 
such as F2 or F3 generations. Plants carrying 
desirable genes are identified early and 
undesirable ones are discarded. 

Advantages: 

 Saves time and resources 

 Fixes desirable alleles in homozygous 
condition 

 Reduces population size for later 
evaluation 

2. Marker-Assisted Backcrossing (MABC) 

This method transfers one or a few specific 
genes or QTLs from a donor parent into an elite 
variety. There are two levels of selection: 

Foreground Selection 

 Identifies plants carrying the target 
gene 

 Uses markers closely linked to the gene 

 Ensures the desired gene is retained 

Background Selection 

 Accelerates recovery of the recurrent 
parent genome 

 Uses markers across the genome 

 Reduces number of backcross 
generations required 

Marker-Assisted Backcrossing is especially 
useful for transferring resistance genes into 
high-performing cultivars. 

3. Marker-Assisted Recurrent Selection 
(MARS) 

MARS is used for improving complex traits 
controlled by multiple genes, such as grain yield, 
biotic stress resistance, and abiotic stress 
tolerance. It increases the frequency of favorable 
alleles in a population through repeated cycles 
of selection. MARS is particularly useful when 
multiple QTLs from different parents need to be 
combined. Compared to simple backcrossing, 
MARS is more effective for complex traits. 

4. Marker-Assisted Gene Pyramiding 

Gene pyramiding is the process of combining 
multiple resistance genes into a single genotype. 
This is especially important form durable 
disease resistance, protection against multiple 
pathogen races, phenotyping for multiple 
resistance genes at seedling stage is nearly 
impossible. MAS makes pyramiding feasible and 
precise. 

Combined Approach: MAS + Phenotypic 
Selection 

In many cases, combining molecular markers 
with field evaluation provides the best results. 

This is useful when: 

1. Some QTLs remain unidentified 

2. Marker–gene linkage is not 100% 
accurate 

3. Genotyping is cheaper than large-scale 
phenotyping 

This integrated approach maximizes genetic 
gain. 

 
Applications of MAS 

1. It is very effective, efficient and rapid 
method of transferring resistance to 
biotic and abiotic stresses inn crop 
plants. 
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2. It is useful in gene pyramiding for 
disease and insect resistance 

3. Mas being used for transfer of male 
sterility and photo period insensitivity 
into cultivated genotypes from different 
sources. 

4. Mas also used for improvement of 
quality characters in different crops 
such as protein quality (maize), fatty 
acid (linoleic acid in soybean) and 
storage quality in vegetable and fruit 
crops. 

5. It is more effective in introgression of 
desirable genes from wild into 
cultivated genotypes. 

6. MAS has wide application for genetic 
improvement of oligogenic traits as 
compared to polygenic trait. 

Limitations of MAS 

Despite its advantages, MAS has certain 
limitations: 

 Requires prior knowledge of gene–
marker linkage 

 Development of reliable markers can be 
expensive 

 Limited efficiency for highly complex 
polygenic traits 

 Recombination between marker and 
gene may reduce accuracy 

However, advancements in genomics and high-
throughput sequencing are continuously 
improving marker precision and reducing costs. 

The Future of Marker-Assisted Breeding 

• Costly technology like mas should be 
supported by cigar that promotes 
collaborative research and training on 
global basis. It will help in rapid spread of 
technology in developing countries 

• MAS can be used as a tool in crop 
improvement programme.it can speed 
up the progress for development of new 
varieties. 

 

 

 

 

 

 

 

 

• International organizations such as FAO 
and CGIAR should organize training 
programme on regional level for 
capacity building in MAS technology 

Table. 2. Practical achievements 

Crop Disease 
resistance 

Insect 
resistance 

Other traits 

Rice 

 

Bacterial 
blight blast, 
rice tungro 
virus, gall 
midge 

Brown 
plant 
hopper, 
green leaf 
hopper 

Submergence 
tolerance, 
salt tolerant, 
temperature 
sensitive 
male 
sterility, 
photoperiod 
sensitivity, 
shattering 
resistance, 
grain aroma, 
amylose 
content 

Maize Northern 
corn blight 

- Cytoplasmic 
male 
sterility, 
QPM 

Wheat  Leaf rust, 
Powdery 
mildew, 
Loose smut 

Hessian 
fly 

Cyst 
nematode, 
root lesion 
nematode, 
earliness, 
coleoptile 
colour 

Sorghum 

 

Head smut, 
Cyst 
nematode 
mosaic 
virus 

- Fertility 
restoration 

Linolenic 
acid 

Pea Fusarium 
wilt, 
Powdery 
mildew 

- Nodulation 
ability 

Barley Powdery 
mildew, 
stripe rust 

- Double 
podding 

 


