X
D
\,t,‘\,

m&q@ Qe
&

C

5o

L
200,

é@
X
25

O Ao

O QIR

SOt

© it

@
-

&
e

puelt

o

NG O

po)

,“&3 o

€

:% o a
C,
o

ang

1O

&

2

Q
po) uéily
(o)

an
oo

B}

o

Qngen

IO

[eZEISS
%‘

\ (International E-Magazine for Agricultural Articles)

Volume: 01, Issue: 05 (December, 2024)

Available online at http://www.agrimagazine.in
“Agri Magazine, ISSN: 3048-8656

Marker-Assisted Selection in Crop Breeding

('Dr. Surbhi Verma)

Guest Lecturer, Department of Genetics and Plant Breeding, Pt KLS CHRS, Rajnandgaon,
MGUVV, Sankara, Patan, Durg, Chattisgarh, India
“Corresponding Author’s email: surbhiverma977@gmail.com

M arker-Assisted Selection (MAS) is a technique used in crop breeding to accelerate the
process of improving plant varieties by using molecular markers. These molecular
markers are specific DNA sequences that are associated with desired traits (such as disease
resistance, drought tolerance, yield, or nutritional quality) in crops. Instead of relying solely
on traditional phenotypic selection (observing traits in the plant), MAS helps identify the
presence of these traits at the genetic level, often at an early stage in the plant's development.

Key Concepts of MAS

Molecular Markers: These are genetic sequences that can be identified through

laboratory techniques (like PCR, sequencing, or microarrays) and are closely linked to

desirable traits in plants. Common types of molecular markers include:

RAPD (Random Amplified Polymorphic DNA)

AFLP (Amplified Fragment Length Polymorphism)

SSR (Simple Sequence Repeat or Microsatellites)

SNP (Single Nucleotide Polymorphism)

Linkage Mapping: This involves finding markers that are located near or within genes

that influence specific traits. By creating genetic maps, researchers can determine which

markers are consistently inherited with the trait of interest.

3. Genomic Selection: In MAS, breeders use genetic information to select plants that have
the best potential for desirable traits. This can be done through:

e Pre-breeding: Identifying favorable alleles (versions of a gene) in different varieties and
incorporating them into a breeding program.

e Selection: Using markers to select plants that possess the favorable genetic traits without
waiting for the plant to fully mature and express the trait.

!\). e o o

High-throughput DNA extraction refers to the use of automated, efficient, and scalable
methods for extracting DNA from large numbers of samples in a relatively short amount of
time. This approach is widely used in genomic studies, especially when dealing with large-
scale projects such as plant or animal breeding, microbial profiling, or environmental DNA
(eDNA) sampling.

Methods Used in High-throughput DNA Extraction

1. Magnetic Bead-based Extraction:

e Principle: Magnetic beads coated with DNA-binding materials (such as silica or carboxyl
groups) are used to capture DNA from a lysed sample. Once the DNA binds to the beads,
contaminants are washed away, and the purified DNA is eluted.

. Column-based Extraction:

e Principle: Similar to magnetic bead-based methods but uses spin columns or filtration
systems for DNA purification. The sample is loaded onto a column that retains DNA
while allowing contaminants to pass through.
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. Microplate-based Methods:

e Principle: DNA extraction is done in a 96-well or 384-well microplate format, using
either chemical reagents or mechanical disruption methods (e.g., bead mills or vortexers).
The plates are compatible with automated systems for liquid handling and DNA
purification.

. Mechanical Disruption Methods:

e Principle: The physical breakdown of cell walls or membranes is achieved using devices
such as bead mills, vortexers, or homogenizers. These methods can be used in
conjunction with chemical lysis buffers.

. Lysis and Precipitation:

e Principle: A chemical lysis buffer is used to break open cells, followed by precipitation

of DNA using alcohol (e.g., ethanol or isopropanol).

Marker-Assisted Selection (MAS) Steps

Marker-Assisted Selection (MAS) breeding involves using molecular markers (specific

DNA sequences) linked to desirable traits in crops or animals to accelerate the breeding

process. This approach integrates traditional breeding techniques with genetic knowledge,

helping to select individuals with favorable traits at an early stage, even before the traits are
visibly expressed. The key benefit of MAS is that it allows breeders to enhance specific traits

(e.g., disease resistance, drought tolerance, or high yield) with greater precision and

efficiency.

Here are the typical steps involved in Marker-Assisted Selection (MAS) breeding:

1. Trait Identification and Gene Discovery

o Objective: Identify the trait(s) of interest (e.g., disease resistance, drought tolerance, etc.)
and locate the underlying genes or quantitative trait loci (QTLS).

e Process:

1. Phenotyping: Assess the target trait in different genotypes or populations.

Genotyping: Use molecular markers to genotype individuals (using markers such as
SNPs, SSRs, or AFLPs).

3. Linkage Mapping/QTL Mapping: Conduct genetic studies to link specific markers to
the trait. This involves using genetic maps to identify regions of the genome associated
with the trait of interest.

2. Marker Development

o Objective: Develop or identify reliable molecular markers that are tightly linked to the
genes controlling the target traits.

Process:

1. Identify markers (e.g., SSR, SNP) that co-segregate with the target trait in segregating
populations (F2 populations, backcross populations, or recombinant inbred lines).

2. Validate the markers to ensure they are consistently linked to the trait across different
environments and populations.

3. Sometimes, researchers may use genome-wide association studies (GWAS) or whole-
genome sequencing to identify new markers associated with complex traits.

3. Selection of Parental Lines

e Objective: Choose parental lines that possess the genetic diversity and the desired traits
to create a new breeding population.

Process:

1. Based on the identified markers, select parental lines that either carry or lack the specific
alleles associated with the target traits.

2. Ensure that the parents are genetically diverse enough to produce offspring with a broad
range of genetic backgrounds.

3. In some cases, introgression lines (lines where a specific trait has been transferred from
one species or variety into another) can be used to bring desirable traits into a breeding
program.
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4. Crossing

o Objective: Cross selected parental lines to produce F1 progeny with a mix of genetic
material from both parents.

e Process:

1. Perform controlled crosses between selected parent plants or animals to produce the next
generation (F1).

2. Ensure that the cross is carefully planned to maximize the inheritance of the desired traits.

5. Marker-Assisted Selection in F2 or Backcross Populations

e Objective: Use molecular markers to select individuals with the desired alleles for the
target trait(s) early in the breeding cycle, often before the trait is visually expressed.
Process:

1. After the cross, select individuals from the progeny (e.g., F2 or backcross population) that
carry the desired alleles identified by the markers.

2. This step can be performed on young plants or embryos, allowing breeders to make
selections before the plants reach maturity.

3. Use genotyping to identify individuals that carry the desired alleles at the molecular
level, eliminating those without the favorable genetic makeup.

6. Phenotypic Confirmation

o Objective: Confirm that the selected individuals actually express the desired traits.

e Process:

1. After molecular selection, evaluate the selected plants or animals for the phenotypic
expression of the target trait(s).

2. This step is essential, especially when working with quantitative traits, as marker-trait
associations may not always perfectly correlate.

3. If markers are accurately linked to the traits, most of the selected individuals should
exhibit the desired phenotypes.

7. Backcrossing and Further Selection

o Objective: Use backcrossing or recurrent selection to further refine the genetic makeup of
the population and increase the frequency of the desirable alleles while minimizing the
introduction of undesired traits.

Process:

1. If backcrossing is used (e.g., to introgress a desirable trait from one variety into another),
backcross the selected progeny to the recurrent parent for several generations to recover
the genetic background of the recurrent parent while maintaining the desirable trait.

2. Continue molecular selection in each generation to ensure that the selected progeny carry
the desired alleles.

8. Field Testing and Evaluation

e Objective: Test the performance of the selected individuals in different environments and
under natural conditions to assess their suitability for release as new cultivars or breeds.
Process:

1. Grow the selected plants or animals in field trials and assess them for various agronomic
or phenotypic traits (e.g., yield, resistance to disease, drought tolerance, etc.).

2. The breeding lines may be evaluated across multiple environments to ensure their
stability and adaptability.

3. Genotyping and phenotyping data are often combined to assess the overall performance
of the selected individuals.

9. Commercial Release

e Objective: Release the newly bred variety or breed to the market once it has been shown
to exhibit superior performance and meets regulatory standards.

e Process:

1. The new variety or breed, which has been developed using MAS, is released to farmers,
breeders, or producers.

ACRI MACATINE ISSN: 3048-8656 Page 106




Verma (2024) Agri Magazine, 01(05): 104-108 (DEC, 2024)

2. Seed or germplasm is distributed to ensure widespread adoption, and the commercial
release may be accompanied by certification or regulatory approval (e.g., for genetically
modified organisms (GMOs), if applicable).

Advantages of MAS in Breeding

o Faster breeding cycles: MAS allows for earlier selection, saving time compared to
traditional methods where plants or animals must be grown to maturity before selection.

e Increased precision: MAS provides a more accurate selection process, especially for
complex traits controlled by multiple genes.

e Reduced linkage drag: By selecting directly for the gene(s) of interest, MAS reduces the
inclusion of undesirable genes that are often inherited along with the trait in traditional
breeding.

e Non-phenotypic traits: MAS allows the selection of traits that are difficult or impossible
to phenotype (e.g., resistance to certain diseases or stress tolerance) early in the breeding
cycle.

Challenges

e Cost and infrastructure: Initial investment in the technology (e.g., genetic mapping,
genotyping platforms) can be expensive, although costs have decreased in recent years.

o Complex traits: For polygenic (complex) traits, the relationship between markers and
phenotype may not always be strong, making MAS less effective in some cases.

o Marker reliability: The effectiveness of MAS depends on the reliability and stability of
the markers used, which must be validated across different populations and environments.

In summary, Marker-Assisted Selection (MAS) is a powerful tool in modern
breeding programs, enabling the rapid development of crops or animals with enhanced traits.
By combining genetic insights with traditional breeding, MAS accelerates the development of
improved varieties, making it an essential part of modern agriculture and animal husbandry.

Advantages of MAS in Crop Breeding

1. Speed: MAS allows breeders to select plants with the desired traits much faster than
traditional methods, as it can be done at the seedling or early growth stage.

2. Accuracy: It reduces the risk of selecting plants that do not exhibit the desired phenotype
by directly detecting the genetic basis of the trait.

3. Efficiency: MAS can help avoid the labor-intensive process of growing plants to maturity
for phenotypic evaluation, thus saving time and resources.

4. Reduction in Linkage Drag: By using molecular markers, breeders can select for a
desirable trait without dragging along unwanted genetic material that might come with
traditional crossbreeding.

5. Improved Disease Resistance: MAS can speed up the development of crops resistant to
diseases, pests, and other biotic stresses by selecting genes associated with resistance.

6. Wide Application: It can be applied to traits that are difficult or impossible to assess
visually, such as tolerance to environmental stresses (e.g., drought or salinity).

Appllcatlons of MAS in Crop Breeding
Disease Resistance: By identifying genes linked to disease resistance, breeders can
quickly create crops with enhanced protection against pathogens.

2. Improved Quality Traits: MAS is used to select for quality-related traits such as better
nutritional content, improved storage properties, or enhanced processing characteristics.

3. Abiotic Stress Tolerance: Crops can be bred for tolerance to environmental stresses such
as drought, heat, salinity, and frost.

4. Yield Improvement: MAS helps in selecting genes that contribute to higher yield and
better productivity under different environmental conditions.
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5. Faster Variety Development: Crops with complex traits, such as hybrid vigor or multi-
trait improvements, can be developed more rapidly compared to traditional breeding
methods.

Challenges of MAS in Crop Breeding

1. Marker-Trait Association: Sometimes, the association between markers and traits may
not be strong or stable across different environments, leading to inaccurate predictions.

2. Cost: Initial investment in the technology and infrastructure for MAS can be high, though
costs have been decreasing with advancements in genomic technologies.

3. Genetic Diversity: Over-reliance on molecular markers linked to specific traits may limit
genetic diversity within crop populations.

4. Marker Development: Developing markers that are reliable and effective for a specific
crop or trait requires significant research.

In conclusion, Marker-Assisted Selection (MAS) is a powerful tool in modern crop
breeding, enabling faster and more precise development of improved crop varieties. By
integrating genetic information with traditional breeding practices, MAS has the potential to
revolutionize agriculture, especially in the face of challenges like climate change and global
food security.
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